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3.1 Introduction
Have you ever noticed that water 
can exist in different forms? If you 
freeze water, it turns to ice. If 
you let the ice warm up, it turns 
to liquid water. If you boil liquid 
water, it will disappear into the air 
as water vapor. Each one of these 
different forms is called a state. 

Water can exist in three different 
states; ice, liquid water, and water 
vapor. The general terms for these 
three states are solid, liquid, and 
gas. Most substances can exist as a 
solid, a liquid, or a gas. 

3.2 Solids, Liquids, Gases, and Energy
When an atom or molecule exists in different states, it is still the same 
atom or molecule, but it behaves, looks, and feels different. When water is 
in the solid form, it can feel cold and be hard to the touch. When it is in 
the	liquid	form,	it	can	be	flowing	and	warm.	When	water	is	in	the	vapor	
(gas) form, you can’t usually see it and you can’t hold it in your hands. The 
only difference between these three states is the amount of energy. 

Recall that energy is something that gives something else the ability to 
do work. Also recall that work, in physics, happens when a force moves 
an object. The only difference between water as a solid, a liquid, or a 
gas is the amount of energy, or the amount of work, the individual water 
molecules are doing. In other words, the only difference between a solid, 
a liquid, and a gas is how much energy is in the moving molecules.
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3.3 Solids
Imagine that you could 
travel inside an ice cube. 
You would need to take 
a warm coat, but imagine 
that you could make 
yourself very small —  small 
enough to wander around 
inside the ice cube. What 
do you think you would 
find?	

If you could go inside 
an ice cube, you would 
find	that	the	water	molecules	are	arranged	in	a	lattice. The word lattice 
refers to the fact that the water molecules are organized in a particular 
repeating pattern. In an ice cube, although the water molecules are 
moving, they are moving very slowly and stay organized in a lattice.

Although different solids that are made 
of different molecules are different 
from each other, most solids form some 
kind of lattice. Some solids have highly 
organized lattice structures and form 
crystals. Minerals like diamonds and 
rubies are crystals. Other solids, like 
glass and certain metals, have more 
loosely organized lattice structures 
and don’t form crystals. However, both 
highly organized lattice structures and 
loosely organized lattice structures are 
solids.

Loosely organized lattice structure
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3.4 Liquids
Let’s go back to the 
inside of the ice 
cube. As you walk 
around, you might 
be admiring the 
wonderful ice lattice. 
But if someone takes 
your ice cube and 
places it at room 
temperature or 
outside in the hot 
sun, your ice cube 
will start to melt. As 
the ice cube starts 
to melt, the water 
molecules absorb heat energy from the surroundings, and they start to 
move more quickly. When the molecules are moving fast enough, they will 
break apart from the ice lattice and actually move closer to each other. 
If	you	are	still	in	the	ice	lattice	while	it	is	melting,	you	will	find	yourself	
getting bumped by fast moving water molecules as the ice cube turns to 
liquid water.  

When we drink water or take a shower, we are interacting with water in 
the liquid state. When water is in the liquid state, it feels wet and moves 
around	freely.	It	can	spill	and	be	poured,	and	it	does	not	form	a	specific	
shape on its own. You cannot pick it up with your hands or with a fork 
or knife. Instead, liquids must be collected in some sort of container like 
a spoon, cup, or bowl. Liquid water is still the same water it was when it 
was ice. The molecules just have more energy and are moving more quickly 
than they do in ice.
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3.5 Gases
If you hang out in the liquid water 
long enough, you will start to see 
some water molecules evaporating, or 
escaping the surface. A water molecule 
evaporates because it has absorbed lots 
of heat energy — so much heat energy 
that it can’t stay with the other water 
molecules any longer. It must leave and 
go into the gas state. In the gas state 
the water molecules move far away 
from each other so quickly that they 
move into the air. 

When you boil water or are in the shower, you can see steam rising. This 
steam is water that is in the gaseous state. We usually cannot see or feel 
or touch gases like we can solids and liquids, but we interact with gases 
all the time. 

When we breathe, we are 
breathing in a mixture of 
different gases that are in 
the atmosphere, and when 
we blow up a balloon we 
are	filling	the	balloon	with	
gases from our lungs. When 
we smell something nice 
like	flowers	or	stinky	like	
a skunk, it is because gas 
molecules are making their 
way to our noses.
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Water in the gas state is the same water as when it was in the liquid or 
solid state. It just has much more energy and the molecules move much 
more quickly.

3.6 Summary

• Matter exists in the 3 major forms: solids, liquids, and gases.

• The only difference between a solid, a liquid, and a gas is the amount 
of energy. 

• Solids have lower energy than either liquids or gases. 

• Liquids have more energy than solids, but less energy than gases. 

• Gases have so much energy that they move into the air as their 
molecules quickly move far away from each other.
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7.1 Introduction
There is a lot more to the animal kingdom Animalia 
than just the animals we might see every day, like 
cats and dogs. 

Cats, dogs, birds, elephants, and humans all have a 
backbone. A backbone is a series of interconnected 
bones called vertebrae that run down the back of 
some animals. You have a backbone that runs from 
the base of your head to your tailbone. Animals 
that have a backbone are called vertebrates.

But did you know 
that about 95% of 
the animals in the 
world do not have 
a backbone? This 
means that most of 
the animals on the 
planet are not like 
cats and dogs and 
people!

In this chapter we 
will take a look at 

some of the animals 
that don’t have a 
backbone. Animals in 

this group are called 
invertebrates. 
this group are called 
invertebrates

Invertebrates—95% Vertebrates—5%
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7.2 Sponges
A sponge is a simple 
animal that is in 
the phylum Porifera. 
Although sponges 
look like plants, they 
are actually animals. 
Sponges are made 
of animal cells, are 
multicellular, eat food, 
and spend at least 
some part of their life 
being mobile. Sponges 
live in water, and most 
sponges live in the 
ocean. Some of the 
sponge cells have whip-
like flagella	that	wave	and	create	a	current	of	water	that	flows	through	
the sponge body. The water contains bacteria and other tiny bits of food 
for the sponge to eat. 

Sponges can be almost any shape. Some sponges are small and round, and 
some are tube-shaped, like a straw. Most sponges are smaller than a few 
inches, but a few, like the barrel sponge, grow so large that a diver could 
fit	into	one!	

Sponges don’t have a backbone, but they do have a skeleton made of a 
mesh of protein called spongin. If you take a sea sponge out of the water 
and let it dry, the spongin remains. This is what people use for cleaning or 
scrubbing. Spongin is soft but the mesh structure makes it very tough.
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7.3	Jellyfish
Jellyfish are a type of 
invertebrate in the phylum 
Cnidaria.	Jellyfish	live	all	over	the	
world, in shallow and deep water. 
If you go to a beach, you may see 
jellyfish	washed	up	on	the	sand.	
Some	jellyfish	are	huge,	growing	
bigger across than an adult is 
tall.	Some	jellyfish	have	tentacles 
(long, stringy “arms”) longer than 
an	American	football	field.	Some	
jellyfish	are	smaller	than	your	
fingers.	

Jellyfish	are	not	true	fish	and	don’t	have	a	backbone.	Since	jellyfish	are	
not	fish,	their	name	can	be	confusing.	Some	scientists	call	jellyfish	jellies 
or sea jellies.	Jellyfish	look	like	Jell-O	or	gelatin	when	they	wash	up	on	

the shore, and this is where they get their 
name.	A	jellyfish	body	is	soft	and	without	

structure and cannot exist on land 
where gravity deforms their shape. 
But	in	the	ocean,	the	jellyfish	can	
move effortlessly through the water 
by pulling and pushing water through 
its body.  

The	jellyfish’s	body	is	called	its	
umbrella, or bell.	Some	jellyfish	
have tentacles attached to the body. 
The tentacles are like arms used 
to	catch	food	for	the	jellyfish	to	
eat.	The	jellyfish’s	mouth	is	in	the	

bell

oral arms

tentacles
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center	of	its	bell.	As	the	jellyfish	floats	up	and	down	in	the	water,	food	
is pushed toward its mouth. Oral arms found around the mouth of the 
jellyfish	sweep	the	food	into	the	mouth.	Jellyfish	eat	both	large	and	small	
creatures from the sea, including tiny plankton	and	large	fish.	

7.4 Worms
All	worms	have	long	tubular	or	flat	bodies,	no	backbone,	and	no	legs.	
There are actually many different types of worms, and all worms 
are grouped into three main categories: flatworms, roundworms, and 
segmented worms. 

Flatworms are in the 
phylum Platyhelminthes. 
Flatworms are long, skinny 
and	flat.	Some	flatworms	
are very colorful and live 
in the ocean. Many of 
these	flatworms	live	on	
coral reefs. They eat plants 
or animals that don’t move 
much, like sponges. Some 
ocean	flatworms	have	little	
hairs on their underside 
that help them glide over 
the sand on the ocean 
floor.	

Some	flatworms	live	on	land	or	inside	other	animals	like	cows	and	even	
humans!	We	call	these	flatworms	parasites because they live inside other 
organisms. These parasites get their food from other animals’ bodies, 
usually	without	giving	anything	beneficial	back	to	the	animal.	They	can	
make animals sick and sometimes can cause the animal to die. 
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Roundworms are in the phylum Nematoda. 
Roundworms are small, smooth, and 
round. Roundworms live in the ocean 
and on land. There are close to 30,000 
different types of roundworms, 
and many of those are parasites. 
Roundworms often infect pigs. Because 
of these roundworms, humans can 
become sick if they eat pork that has 
not been thoroughly cooked. 

Segmented worms are in the phylum Annelida. 
Like roundworms, segmented worms are 
also round but have segmented bodies 
instead of smooth ones. Earthworms 
are a type of segmented worm. 
If you look closely at an 
earthworm, you can see what 
appear to be little bands or 
rings circling them. These 
bands occur between the 
segments, or sections, of 
the earthworm’s body. There 
are over 22,000 different 
kinds of segmented worms! 

Some segmented worms, such as earthworms, are good for gardens. They 
eat decaying plants and tiny organisms in the soil and return nutrients 
to the soil in a form that can be used by plants. Earthworms also create 
little tunnels in the soil, allowing air, water, and nutrients to go deep into 
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the soil. To make a tunnel, the earthworm squeezes its muscles and then 
relaxes them, making its body stretch and move forward. It eats dirt as it 
moves along. 

7.5 Snails and Octopuses
Even though snails and octopuses look very different, they are both in a 
group of invertebrates called mollusks in the phylum Mollusca. Although 
mollusks look very different from one another, they all share a similar 
body plan. All mollusks have soft bodies, use one or more muscular feet 
to move, and have a membrane surrounding their internal organs that can 
sometimes form a hard shell. 

The basic body plan of mollusks can be easily observed in snails. Snails 
have a large muscular foot below their soft body. They use this foot to 
move. They also have a hard shell. Snails are found all over the world and 
are not often welcome in the garden. 

Snails and their cousins, slugs, eat 
some of our favorite garden 
plants. Inside a snail’s mouth is 
an armored, spiky “tongue” 
called a radula. The snail 
uses the radula to cut 
plants and scrape up algae 
to eat. Snails, like worms, 
live in areas that are moist 
and not too cold or hot. 
Most snails are small but some sea 
snails can grow to be almost 1 meter (3 feet) long! 

radula
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Saltwater snails are often referred to as sea 
slugs because they don’t have an outer shell. 
These snails live in the shallow waters of the 
ocean and eat plants, sponges, corals, or 
other slow animals. Many saltwater snails 
are small, but some are big enough to 
stretch from your hand to your elbow. 

Octopuses don’t look much like snails, but 
they are related. Octopuses don’t have a 
hard outer shell, and many have eight “feet” 
called tentacles. The word octopus comes 
from the Greek words okto which means 
“eight” and podos which means “foot.”

Some octopuses are only 
a few centimeters (inches) 
long, but the giant octopus 
can grow up to 9 meters (30 
feet) long! Octopuses live on 
the	sea	floor	in	both	shallow	
and deep ocean water. 
Octopuses swim by sucking 
water in, then squirting it 
out behind them. Octopuses 
eat worms, crabs, and snails, 
and	some	catch	fish	with	the	
suckers on their tentacles. 

Octopuses spend time hunting and hiding. Because they have no shells, 
they can squeeze themselves in between rocks to hide. Many octopuses 
can change their colors and markings to blend in with their surroundings, 
making	it	difficult	for	big	fish	to	notice	them.	
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Octopuses	are	also	very	smart.	Scientists	have	taught	octopuses	to	find	
their way through mazes, and with enough time, an octopus can open 
a jar to retrieve food! Scuba divers have found octopuses to be very 
curious animals.

7.6 Sea Stars, Sand Dollars, Sea Urchins
Sea stars, sand dollars, and sea urchins are part of a large group of 
invertebrates called echinoderms. The word echinoderm means spiny 
skin, and all of the animals in this group have rough 
or prickly outer skin. They are in the phylum 
Echinodermata.

Sea stars are also called starfish 
although they are not related to 
true	fish.	Some	sea	stars	are	as	
small as your hand, but some 
are so big you would need both 
hands to carry them. Most sea 
stars	are	almost	flat,	spiny,	and	
have	five	arms	that	stretch	out	in	
all directions from the center. 
The mouth is on the underside 
in the center of the body. 

Sea stars cannot raise themselves 
very far off the rocks or use their 
arms like people use legs. If you turn a sea 
star over, you will see lots of little tube-shaped 
feet all the way down each arm. These little feet are used to hold onto 
rocks	and	to	creep	slowly	along	the	ocean	floor.	Many	sea	stars	can	also	
use the suckers on their feet to hold onto a mussel or clam shell and pry 
it open so they can eat the animal inside. Sea stars also eat snails, sea 
urchins, and other small ocean animals.
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Have you ever seen a sand dollar? If you have seen one used as a 
bathroom decoration, you have actually only seen the skeleton of a sand 

dollar. Did you know that there 
are	five	“petals”	outlined	in	the	
pattern on the top of a sand 
dollar’s skeleton? The sand dollar 
is a close relative of the sea 
star and the sea urchin. 

A	sand	dollar	has	a	flat,	disk-
shaped body no bigger than 
the palm of your hand. Like 
the sea star, it is covered with 
very short spines, has lots of 
tube feet, and has a mouth on 
its underside. Sand dollars live 
close to shore and hide under 
the sand or mud when a hungry 

sea star comes creeping by or when the water gets rough. The sand dollar 
uses its spines to bury itself, to catch food and bring the food to its 
mouth, and to creep over the sand. When it is catching tiny larvae or bits 
of	food	floating	in	the	water,	the	sand	dollar	can	stand	itself	on	end	with	
one edge buried in the sand.

The sea urchin is the spiniest underwater 
creature of all. It looks like a little round 
pincushion.	Most	sea	urchins	can	fit	on	
your hand. A sea urchin can move its blunt 
spines, like sand dollars do. Sea urchins 
use their spines to protect themselves 
and	to	move	around.	They	have	five	
rows of long, hair-like tube feet that 
are just a bit longer than their spines. 
These tube feet hold on tightly to rocks so 
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the sea urchin can eat the algae growing on the rocks. Like sea stars 
and sand dollars, sea urchins have a mouth on the underside. Like sand 
dollars,	they	also	have	a	“five	petal”	pattern	on	their	skeleton.	Most	sea	
urchins can be found close to shore in oceans all over the world. Some 
can be found in the deep ocean.

7.7 Summary

• Animals without a backbone are called invertebrates.

• About 95% of the animals in the world do not have a backbone.

• Sponges eat by taking food particles out of water that moves 
through their body.

• Jellyfish are soft and have oral arms to move food into the mouth.

• Worms	have	long	tubular	or	flat	bodies.	There	are	three	kinds	of	
worms: flatworms, roundworms, and segmented worms.

• Snails and octopuses are mollusks.

• Sea stars, sand dollars, and sea urchins are echinoderms and have 
spiny bodies and tube feet.
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19.1 Introduction
As we saw in the last chapter, one of the biggest challenges to space 
travel is the fact that the distance between Earth and each of the 
other planets in our solar system is so vast. With our current technology 
it would take a long time for astronauts to travel to another planet. 
Spacecraft would need to carry enough fuel and supplies for astronauts 
to survive a long trip.

Long ago, people believed that the universe was just a little bit larger 
than Earth, but today we know that the universe is so large that it is 
hard to imagine its size. With modern telescopes, space probes, and other 
technologies, we can measure some of the universe. However, astronomers 
still don’t know the exact size of the universe. Also, as advances are made 
in technology, scientists keep discovering more celestial bodies beyond 
those already known.

Attempting to measure the 
universe	is	difficult	because	there	
are such huge distances involved. 
We can’t take a tape measure and 
hop from Earth to the end of the 
universe to make a measurement. 
Scientists and astronomers must 
come up with other ways to 
measure distances in space. 

19.2 How Do We Measure “Big”?
You	have	probably	used	both	rulers	and	tape	measures	to	find	out	how	big	
something is. But how do we measure distances that are much longer than 
a ruler or tape measure can reach? How can we measure the distance to 
a faraway galaxy? 
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Measuring the distance from Earth to the Moon, the planets, and the 
Sun	is	not	an	easy	task.	The	first	astronomer	to	find	a	way	to	measure	
the distance from Earth to the Moon was Aristarchus of Samos, a Greek 
astronomer and mathematician who lived from 310-230 BCE. Aristarchus 
observed how the Moon passes through Earth’s shadow during a lunar 
eclipse. With geometry, Aristarchus was able to use this information to 
calculate the approximate distance between the Earth and the Moon. He 
also used geometry to calculate an approximate distance from Earth to 
the Sun.

Today, astronomers use a phenomenon called parallax to make accurate 
measurements of the distance to stars that are closer to Earth. Parallax 
is the effect that makes a nearby object appear to shift position when it 
is viewed from different locations. 

You can see the parallax effect by using 
your own thumb. Stretch out your arm 
and hold your thumb up in line with your 
nose. Close your right eye and line up your 
thumb with an object in the background, 
for example, a window frame, door frame, 
or tree. Keeping your thumb in the same 
position, close your left eye and open 
your right eye. Did your thumb appear to 
move? Now repeat this experiment while 
first	holding	your	thumb	close	to	your	face	
and then holding it as far as you can from 
your face. Do you notice that your thumb 
appears to move more when you hold it 
close to your face than when you hold it farther away?

The “motion” of your thumb is called parallax. Your thumb didn’t actually 
move, but because each of your eyes is in a different position, the angle 
at which you view your thumb is different for each eye. Each of your eyes 
sees your thumb in a different position relative to the background.
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Astronomers use the same principle of parallax to measure the distance 
to nearby stars. Because of the parallax effect, stars that are closer to us 
appear to shift position in the sky as Earth moves in its orbit around the 
Sun. Stars that are much farther away don’t 
appear to change position. 

To	find	out	the	distance	to	a	nearby	star,	
astronomers begin by measuring the position 
of the nearby star relative to another star 
that is very far away. Six months later when 
the Earth’s orbit has taken it to the other side 
of the Sun, the positions of the two stars are 
measured again. The nearby star will appear to 
have moved and the very far away star will be 
in the same position. Because astronomers know 
how far Earth traveled in six months, they 
can use this number along with the relative 
positions of the nearby star and the very 
faraway star to do mathematical calculations 
that will tell them how far away the nearby 
star is. In the illustration, the angles are shown 
as being large, but in astronomy these angles 
are very, very small because the stars are so 
very far away.

Measuring the distance of stars by parallax is 
a very slow method, but advanced technology 
can make it faster. In 1989 the European Space 
Agency began using a satellite called Hipparcos 
to measure parallaxes much more quickly. 
In only four years Hipparcos was able to 
accurately map over 100,000 stars!

Using parallax to  
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Another way to measure 
the distance of celestial 
objects that are very 
far away is to use radio 
telescopes such as the Very 
Large Array in New Mexico. 
Celestial bodies give off 
radio waves, which are low 
frequency electromagnetic 
waves that can be detected 
by radio telescopes. By using 
computers and complicated 
mathematics, astronomers 
can calculate how far the 
radio waves have travelled from a celestial body and can learn many 
other interesting facts about the object. 

Astronomers use orbiting telescopes and space probes to carry 
instruments that can detect other kinds of electromagnetic waves, such 
as infrared, gamma rays, and X-rays. When telescopes on Earth and 
instruments on spacecraft are close enough to a celestial body, radio 
waves from the instruments can be bounced off the object. The radio 
waves	that	are	reflected	back	to	the	instruments	contain	a	lot	of	data	
about the object. 

Although we can measure distances accurately using parallax, 
electromagnetic waves, space probes, and other technology, we still don’t 
know how big the universe is. It seems that as technology advances and 
we are able to detect objects that are farther and farther away, we 
keep	finding	that	the	universe	is	bigger	than	we	thought.

The Very Large Array radio telescope, New Mexico

Image courtesy of NRAO-AUI/Photographer: Bob Tetroi
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19.3 Does the Universe End?
If the universe ends, is 
there something beyond 
the universe? Astronomers 
have found evidence that 
supports the theory that the 
universe is expanding. But if 
the universe is expanding, 
it needs to have a place to 
expand into. What is that 
place? More space? Will the 
universe continue to expand? 
Or is there a limit to how 
far the universe can expand? 
These are among many 
questions that astronomers 
and astrophysicists ask while 
studying the universe. 

One idea is that the universe doesn’t end but is infinite.	Infinite	means	
that	there	is	no	limit	or	ending.	Infinity	is	a	difficult	concept	to	grasp	
because we experience everything, including space, as having limits.

For example, your house has a limit you can measure. You can walk around 
the outside of your house and see where your house begins, where it 
ends, and what lies beyond it. The same is true with your city. Your city 
has a city limit, or boundary, and anything outside your city is either part 
of a rural area or part of another city or town. Your state or province and 
country have a limit. Our planet, solar system, and galaxy also have limits. 
But we do not know if there is a limit to the universe.

Faraway galaxies
Ultra Deep Field 2014, Hubble Space Telescope

Courtesy of NASA and ESA
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It makes sense that as we keep moving farther and farther from Earth, 
we would discover that space itself and the universe have a limit. But 
so far there is no evidence to suggest that the universe ends. In other 
words, we have not yet found the limit of the universe even by using our 
most advanced technologies. This doesn’t mean that there isn’t a limit to 
the	universe,	it	just	means	that	if	a	limit	exists,	we	are	not	able	to	find	it	
with the technology we now have.

19.4 Summary

• The distance from Earth to individual stars can be measured.

• Electromagnetic waves coming from celestial bodies can be gathered 
by radio telescopes and other instruments to provide information.

• It is unknown whether there is an end to the universe.
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Introduction

Pour yourself some water and experiment with getting it to change from 
one state to another.

I. Think About It

 What do you think would happen if you put a cup of water in the 
refrigerator?

 What do you think would happen if you put a cup of water in the 
freezer?

 What do you think would happen if you put a cup of water outdoors 
in the sun (if your dog didn’t drink it)?

 What do you think would happen if you poured the cup of water into 
a teapot on the stove and put the heat on high?
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 Do you think when you are outdoors you can see water in all its 
different states? Why or why not?

II. Observe It

 Pour some water into an ice cube tray or paper cup. Use your senses 
to test the water. What can you observe about the water?

 Put the tray or cup of water in the freezer. Check periodically to see 
if the water has frozen solid — or leave it overnight. Once the water 
has frozen, use your senses to test it. What can you observe about 
the water?

 Take the ice out of its container and put it in a small frying pan or 
saucepan. Put the pan on a stove and have your teacher help you turn 
the stove to low or medium heat. Without touching it, what can you 
observe about the ice as the stove warms up?
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 Have your teacher help you bring the water to a boil and then place 
a lid on the pan. Leave it for a few minutes. Next, take the lid off the 
pan and look at the inside of the lid. What can you observe? 

III. What Did You Discover?

 Did you observe the water in all three states? Why or why not?

 Did you observe the water changing from one state to another? Why 
or why not?

 When you took the lid off the pan and looked at the inside of the lid, 
did you see water there? Why do you think this happened?
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 When you heated the water, was there as much water in the pan at 
the end as when you began? Why do you think this happened?

IV. Why?

Water is amazing! We use water in all three of its states every day. In its 
liquid form we drink it, cook with it, bathe in it, swim in it, and use it to 
grow plants. In its gaseous form we breathe it in as water vapor in the 
air, and we might go to the sauna for a steam bath. In its solid form, we 
use it to cool our drinks, it falls from the sky as snow, and we can skate 
on it in the winter.

When you heated the ice, the heat energy from the stove made the water 
molecules in the ice move faster. This made the lattice structure break 
apart, and the water turned back to its liquid state. As you continued to 
heat the water and it began to boil, you probably noticed steam coming 
from the water. The steam is water evaporating and entering the air in its 
gaseous state. This is why you may have noticed that you had less water 
at the end of the experiment than you did when you began. 

You probably noticed water on the inside of the lid when you took it off 
the pan of boiling water. This happened because the water condensed on 
the lid. The water vapor evaporating from the boiling water was very hot 
with fast moving molecules. When the hot water vapor hit the cooler pot 
lid, the molecules gave some of their heat to the lid which caused the 
molecules to move more slowly. The water vapor then turned back to liquid 
water.

A change in the state of water is not caused by a chemical change 
since the water molecules are still the same in each state. When water 
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undergoes a change from one state to another, it is called a physical 
change. Just the physical properties of the water have changed, but the 
molecules stay the same chemically.

V. Just For Fun

Do you think cold water or hot water will freeze faster? 

Direct your teacher to help you with this experiment.

 Have your teacher boil some water.

 Take a Styrofoam cup. Fill it about half full with cold tap water.

 Have your teacher put boiling water of the same amount in a second 
Styrofoam cup.

 Put your cup of cold water in the freezer and have your teacher put 
their cup of boiling water in the freezer next to it.

 Check the two cups of water frequently to see which freezes faster.

 Record your observations.



Experiment 7

Red Light, Green Light
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Introduction

Do you think snails and earthworms will move across any surface? Test it!

I. Think About It

 What do you think snails like? 

 What do you think snails don’t like? 

 What do you think earthworms like? 
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 What do you think earthworms don’t like? 

 If you want to keep snails out of your garden, how would you do it? 

 If you want to encourage earthworms to stay in your garden, how 
would you do it? 
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II. Observe It

 Take a large plastic box or tray and add enough garden dirt to cover 
the bottom. 

 Take some water and moisten the garden dirt in one-half of the box 
(one end). Use just enough water to make the dirt moist. The other 
half of the dirt needs to stay somewhat dry. 

 Perform a control experiment by placing the earthworms and/or snails 
on the dry side of the box. Observe whether or not they move to the 
moist end. Record your observations below. 

   Results

Control
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 Carefully remove the snails and/or earthworms and place them back in 
their holding box. 

 Choose one of the powders and pour it in a line across the soil from 
one side of the box to the other about halfway between the two ends 
of the box.

 Place the earthworms and/or snails on the soil in the dry end of the 
box and observe whether or not they cross the powder barrier. 

 Record your observations.

   Results

Powder Used 
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 Gently remove the snails and/or earthworms and place them back in 
their holding box. 

	 Remove	the	powder	and	fill	in	this	area	with	new	dirt,	then	pour	a	
different powder in a line across the dirt. Repeat Steps - 

   Results

Powder Used 
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 Repeat Steps - using two different powders.

   Results

Powder Used 

   Results

Powder Used 



52   Exploring the Building Blocks of Science Laboratory Notebook  Book 4






B
IO

LO
G

Y

  

III. What Did You Discover?

  When there was no barrier, did the snails and/or earthworms move 
from the dry end to the moist end of the box? Why or why not? 

 Were there any powders that the snails and/or earthworms would 
not cross? Why or why not? If there were any barriers they wouldn’t 
cross, list them.

 Use the table below to chart which of the powder barriers the 
snails and/or earthworms crossed and which they would not cross.

Powder Snails 
WOULD cross

Snails would 
NOT cross

Worms 
WOULD cross

Worms would 
NOT cross
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	 Could	you	use	this	experiment	to	find	ways	to	keep	snails	out	of	your	
garden but earthworms in your garden? How would you do it?

IV. Why?

Worms and snails are not as smart as octopuses, but they can choose 
good environments, and they have behaviors that help them escape 
from birds so they won’t be eaten. They have the ability to know if some 
substances are dangerous to them and then to avoid those substances. 

Snails can withdraw into their shell for protection, and they hide in dark 
moist places, like under rocks and foliage. Because snails need to stay 
moist in order to live, they usually hide during the day. Their bodies can 
dry out and die in the hot sun. Hiding during the day also protects them 
from predators. If the weather is cloudy or rainy, you may see snails out 
during the day, and they are often out in the cooler times of dawn and 
dusk and at night. When snails come out, they eat a lot! They can be very 
harmful to a garden, destroying many plants.

Earthworms are great to have in your garden because they help plants 
grow. Like snails, earthworms need to be in a moist environment or they 
will dry out and die. To escape predators, earthworms spend most of their 
time underground. You might see earthworms on the sidewalk after a big 
rain, but scientists are still not sure why earthworms come out when it 
rains. As a result of doing experiments, scientists think that earthworms 
communicate with each other through touch and that earthworms 
sometimes travel in groups. 
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V. Just For Fun

Do	you	think	you	can	do	a	similar	experiment	to	find	out	how	to	keep	ants	
out of your house? Find an active anthill to use in your experiment.

Write the steps you’ll take to perform your experiment:

Perform your experiment and record your observations on the next page.
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Results of Ant Experiment
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Experiment 19

How Far?
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Introduction

Learn how to use the parallax effect to determine how far away a distant 
object, trail, or road is from where you are standing.

I. Think About It

 As you look across the room, how far is it to the table, desk, or chair?

 Look across the street. How far is it to the building, tree, or car 
parked on the other side?

 Look at a distant tree, building, or other object. How far away is it 
from where you stand?

 Do you think you can use parallax to estimate how far away something 
is? If so, how do you think you could do it?
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II. Observe It

 Practice observing the parallax effect by using your thumb. Pick an 
object some distance away. Hold your arm at full length in front of 
you with your thumb up. Close one eye.

 Without moving your thumb, switch eyes, closing the one that is open 
and opening the one that is closed. Record your observations below 
and note if your thumb appeared to move. If it did, note how much it 
appeared to move.
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 Find the ruler at the end of this Observe It section, cut it out, and 
tape it together with “0” in the center of the ruler. 

 Pin or tape the ruler to a wall.  

 In this experiment you will use your feet as measuring devices. Each 
of your feet from heel to toe is one “foot.” Starting with your back 
against the wall, walk heel to toe 5 “feet” away from the wall and 
then turn around. 

 Hold your arm at full length, thumb up. Close one eye and align your 
thumb with the “0” marked in the middle of the ruler. 

 Switch eyes and observe the position on the ruler that your thumb 
now lines up with. In the table below, record how far your thumb 
appears to have moved from “0.”

 Walk another 5 feet (for a total of 10 feet), and repeat Steps -.

 Walk another 10 feet (for a total of 20 feet) and repeat Steps -.

Number of “feet”  
from wall

Distance of thumb 
from “0”

5 feet

10 feet

20 feet
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 Take the three measurements you recorded in the table and graph 
your data on the following chart. 

 0 5 10 15 20
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Distance from Wall — Feet
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Cut out the ruler sections and tape together at the dotted lines with “0” 
in the center of the ruler. Fill in the missing number 4 on each side of 
the ruler.
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III. What Did You Discover?

 How many inches did your thumb move when you were 5 feet away 
from the wall?

 How many inches did your thumb move when you were 10 feet away 
from the wall?

 How many inches did your thumb move when you were 20 feet away 
from the wall?

 Did the parallax distance of your thumb increase or decrease as you 
walked farther away from the wall? Why?

 On the graph, can you draw a straight line through the three points 
you plotted? Why or why not?  
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IV. Why?

In this experiment you observed that the degree of parallax is 
proportional to the distance. In other words, as the distance between 
you and the object you were observing (the ruler on the wall) became 
greater, the amount your thumb appeared to move as a result of the 
parallax effect also became greater. 

Each time you extend your arm fully, your thumb stays the same distance 
away from your face. As you peer at your thumb, you can make a good 
guess how far away something is by observing how much your thumb 
appears to move when you switch eyes. In fact, the length of your arm 
is about 10 times the distance between your eyes, and you can estimate 
how far away something is by multiplying by 10 the distance your thumb 
appears to move. 

For example, if you are looking at a gate that is 5 feet (1.5 meters) wide 
and when you switch eyes, your thumb appears to move about the width 
of the gate, you can multiply this width times 10 and estimate that you 
are 50 feet (15 meters) from the gate. Or, if you are looking at a barn 
that is 100 feet wide and the distance your thumb moves is about 2 barn 
widths, you can estimate that you are 2000 feet from the barn (100 ft. x 
2 x 10). (In meters, 30 m x 2 x 10 = 600 meters away)

Using the parallax effect with your thumb is a great way to estimate 
distances to objects you can see on Earth. Although the distances you 
calculate won’t be exact, they will be close enough to help you decide if 
you need to sit and have a snack before you tackle that next mountain 
peak! 
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V. Just For Fun

Using your thumb, try to determine the distance of an object. Pick a large 
object such as a building, wall, or car. Guess how wide the object is and 
then use the method described in the Why section to estimate how far 
away the object is. 

You can do this using feet or meters, but if you don’t know the size of 
the object, you can use the object itself as a measurement. For example, 
if	you	are	looking	at	a	car	and	you	can	fit	the	length	of	3	cars	between	
the two positions of your thumb, you can calculate that the car is 30 car 
lengths away from you. 

Parallax Observations
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A Note From the Author
This curriculum is designed for elementary level students and provides an introduction to the 
scientific disciplines of chemistry, biology, physics, geology, and astronomy. Exploring the Building 
Blocks of Science Book 4 Laboratory Notebook accompanies Exploring the Building Blocks of Science 
Book 4 Student Textbook. Together, both provide students with basic science concepts needed for 
developing a solid framework for real science investigation. The Laboratory Notebook contains 
44 experiments—two experiments for each chapter of the Student Textbook. These experiments 
allow students to further explore concepts presented in the Student Textbook. This teacher’s manual 
will help you guide students through laboratory experiments designed to help them develop the 
skills needed for the first step in the scientific method — making good observations. 

There are several sections in each chapter of the Laboratory Notebook. The section called Think 
About It provides questions to help students develop critical thinking skills and spark their 
imagination. The Observe It section helps students explore how to make good observations. In 
every chapter there is a What Did You Discover? section that gives the students an opportunity to 
summarize the observations they have made. A section called Why? provides a short explanation of 
what students may or may not have observed. And finally, in each chapter an additional experiment 
is presented in Just For Fun. 

The experiments take up to 1 hour. The materials needed for each experiment are listed on the 
following pages and also at the beginning of each experiment.

Enjoy!

Rebecca W. Keller, PhD



Materials at a Glance

Experiment 
7

Experiment 
8

Experiment 
9

Experiment 
10

Experiment 
11

large tray or plastic box, 
at least .3 m (1 ft.) on 
each side, and cover

garden dirt (with lots of 
organic material)

spoon or garden trowel
holding box for the 

snails/worms to keep 
them moist and dark

12 snails/slugs and/or 
20–40 worms *

water
experimental snail and 

worm barriers. Set 
the amount you are 
going to use in an 
open container in the 
sun for a few days. 
table or rock salt plus 
three of the following: 
cinnamon 
baking soda 
black pepper 
cornstarch 
flour 
borax

an active anthill

butterfly kit
small cage

Butterfly kits can be 
purchased from a 
variety of different 
sources, such as:

Home Science Tools: 
www.hometrainingtools.

com

Insect Lore: 
www.insectlore.com

tadpole kit (or tadpoles 
or frog eggs collected 
locally)

A tadpole kit can be 
purchased from Home 
Science Tools:
www.hometrainingtools.

com.

aquarium
water
tadpole food

chalk in different colors
narrow rope or heavy 

string about .6 m 
(2 ft.) long - heavy 
enough to move 
along the ground 
when one end is 
wiggled

5 identical glass jars or 
drinking glasses

water
wooden drumstick, 

ruler, wooden spoon, 
or other wooden stick

flat, unobstructed area 
for playing a game

Optional
blindfold

Experiment 
1

Experiment 
2

Experiment 
3

Experiment 
5

Experiment 
6

An old used cell phone 
that is no longer needed. 
If a used cell phone 
cannot be located, you 
can substitute any other 
electronic device, such 
as an old computer or 
electronic toy. 

a second electronic 
device to take apart

rubber gloves, 1-2 pairs

colored pencils, crayons, 
or markers

jelly beans of different 
colors: 
red 
gray (lavender can be 
used) 
blue 
black 
green 
white 
[or substitute objects 
such as those listed 
below]

Just For Fun section: 
objects of different 
colors—at least 10 of 
each color, it can be 
food (like M&M’s, 
jelly beans, etc.,  
or objects like 
buttons, beads, 
or marbles); red 
and gray are the 
important colors

water
1-2 ice cube trays or 

paper cups
small frying pan or 

saucepan with lid
pot holder
2 Styrofoam cups 
freezer
stove

2 raw eggs
2 bowls
fork
2 plastic bags
frying pan
1 ice cube
stove
freezer

notebook for student to 
make into a biologist’s 
field notebook

pencil, pen
colored pencils
Optional
camera 
backpack
snack and bottle of 

water
Experiment 

4
8 Styrofoam cups
360 ml (1 1/2 cups) 

boiling water
240 ml (1 cup) cold tap 

water
60 ml (4 Tbsp) baking 

soda
120 ml (1/2 cup) apple 

cider vinegar
120 ml (1/2 cup) 

balsamic vinegar
measuring cup and 

spoons
spoon
stove

* Look for online or local sources of snails and/or earthworms. Or you and your students may be able to collect them yourselves. 



Experiment 
12

Experiment 
13

Experiment 
14

Experiment 
15

Experiment 
16

two prisms (glass or 
plastic)

flashlight
sunlight
white wall, whiteboard, 

or other white surface
colored pencils
 

3 small jars
180 ml (3/4 cup) 

vegetable oil
120 ml (1/2 cup) water
120 ml (1/2 cup) acetone 

(nail polish remover)
food coloring
drinking glass (a square 

glass is preferred, but 
a round glass will 
work)

thin wooden stick  
(e.g., a kebab skewer)

marking pen (or paper 
and tape) to label jars

large balloon  
(may substitute 
plastic wrap)

glass jar
scissors
rubber band
plastic straw
toothpick
tape 
index card
Optional
piece of cardboard

scissors
tape
2 small baskets, hats, or 

other containers to 
hold game pieces

pair of dice
Optional
colored pencils

Two renewable 
resources model 
kits chosen from list 
provided. (See first 
page of Exper. 16)

[See page viii]

Experiment 
17

Experiment 
18

Experiment 
19

Experiment 
21

Experiment 
22

Optional
small notebook

model rocket kit (1 
or more)—see list 
of suggested kits 
at beginning of 
experiment

tools for assembly 
depending on kit 
selected

[See page viii for kits]

Note: Other kits may be 
substituted

tape
scissors
marking pen
Optional
2-3 push pins or tacks
 

Robot kit —see list 
of suggested kits 
at beginning of 
experiment

[See page ix]

Laboratory Notebook

Experiment 
20

computer with internet 
access
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Materials
Quantities Needed for All Experiments

Equipment Equipment (Continued) Foods

aquarium
bowls, 2
box to hold snails/worms to keep them 

moist and dark
cage, small, for butterfly
cell phone (old used) that is no longer 

needed. If a used cell phone cannot 
be located, you can substitute any 
other electronic device, such as an old 
computer or electronic toy. 

computer with internet access
containers, 2 small (baskets, hats, or other 

containers to hold game pieces)
dice, 1 pair
electronic device to take apart
flashlight
fork
freezer
frying pan (small) or saucepan with lid
garden trowel or spoon
glass, drinking (a square glass is preferred, 

but a round glass will work)
ice cube trays (1-2) or paper cups
jars, 3 small
jars (glass) or drinking glasses, 5 identical
measuring cup
measuring spoons
oven mitt or pot holder
prisms (glass or plastic), 2
scissors
spoon
stick, wooden (drumstick, ruler, wooden 

spoon, or other wooden stick)
stick, wooden, thin (e.g., a kebab skewer)
stove
tray, large , or plastic box, at least .3 m (1 

ft.) on each side, and cover

Kits  [see pages viii & ix]
kits, 2, renewable resources model 

kits chosen from list provided (See 
Experiment 16)

kit, model rocket  (1 or more)—see list of 
suggested kits - Experiment 18

kit, robot —see list of suggested kits  - 
Experiment 21

Misc.
tools for kit assembly, depending on kit

Optional
backpack
blindfold 
camera 

baking soda, 60 ml (4 Tbsp) 
eggs, raw, 2
ice cube, 1
jelly beans of different colors: 

red 
gray (lavender can be used) 
blue 
black 
green 
white 
[or substitute other colored objects—
see Experiment 2]

snack and bottle of water
vegetable oil, 180 ml (3/4 cup)
vinegar, apple cider, 120 ml (1/2 cup) 
vinegar, balsamic, 120 ml (1/2 cup)



Exploring the Building Blocks of Science Teacher’s Manual  Book 4   vii

Materials
Quantities Needed for All Experiments

Materials Materials (continued) Other

acetone (nail polish remover), 120 ml 
(1/2 cup)

bags, plastic, 2
balloon, large (may substitute plastic 

wrap)
card, index, 1-2
chalk, different colors
cups, Styrofoam, 10
dirt, garden (with lots of organic material)
food coloring
notebook for student to make into a 

biologist’s field notebook
pen
pen, marking
pencil
pencils (colored)
rope (narrow) or heavy string, about .6 m 

(2 ft.) long—heavy enough to move 
along the ground when one end is 
wiggled

rubber band, 1
rubber gloves, 1-2 pairs
straw, plastic, 1
tape
toothpick, 1
water
water, boiling, 360 ml (1 1/2 cups) 
water, cold tap, 240 ml (1 cup)

Misc.
experimental snail and worm barriers. 

(Set the amount you are going to use in 
an open container in the sun for a few 
days.) 
table or rock salt plus 3 of the following: 
cinnamon 
baking soda 
black pepper 
cornstarch 
flour 
borax

objects of different colors—at least 10 of 
each color, it can be food (like M&M’s, 
jelly beans, etc.) or objects like buttons, 
beads, or marbles; red and gray are the 
important colors

Optional
cardboard, 1 piece
crayons or markers
notebook, small
push pins or tacks, 2-3

anthill, active
area (flat, unobstructed) for playing a 

game
snails/slugs (12) and/or 20–40 worms *
sunlight
tadpole food
wall (white), whiteboard, or other white 

surface

Kits
butterfly kit (can be purchased from a 

variety of different sources, such as:
     Home Science Tools: 
     www.hometrainingtools.com)
     Insect Lore: 

www.insectlore.com
tadpole kit (or tadpoles or frog eggs 

collected locally)
     A tadpole kit can be purchased from 

Home Science Tools:
     www.hometrainingtools.com

* Look for online or local sources of snails and/or earthworms. Or you and your students may be able to collect them yourselves. 
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Kits suggested for Experiments 16, 18, 21

Experiment 16     Wind or Sun?

Materials Needed

Two model kits selected from the list below. (Availability may change. Similar 
kits may be substituted.)

• Windmill Generator Kit: HomeScience Tools 
http://www.hometrainingtools.com/windmill-generator-kit/p/KT-GSWIND/

• Wind Turbine Science Kit: HomeScience Tools 
http://www.hometrainingtools.com/wind-turbine-science-kit/p/KT-WINTURB/

• KidWind Basic Wind Experiment Kit: Vernier 
http://www.vernier.com/products/kidwind/wind-energy/kits/kw-bwx/

• KidWind MINI Wind Turbine: Vernier 
http://www.vernier.com/products/kidwind/wind-energy/kits/kw-mwt/

• SunnySide Up Solar Car: SunWind 
http://sunwindsolar.com/sunny-side-up/

• Chariots of the Sun: SunWind 
http://sunwindsolar.com/chariots-of-the-sun/

• Solar Powered Car: HomeScience Tools 
http://www.hometrainingtools.com/solar-powered-car/p/EL-SOLRCAR/

Experiment 18     Up, Up, and Away!

Materials Needed

One or more of the following rocket kits

• High-Fly Rocket Kit: HomeScience Tools 
http://www.hometrainingtools.com/high-fly-rocket-kit/p/KT-FHROCK/

• 001225 - Alpha Rocket: Estes Rockets (engine sold separately) 
http://www.estesrockets.com/rockets/001225-alphar

• 000651 - Der Red Max Rocket: Estes Rockets (engine sold separately) 
http://www.estesrockets.com/rockets/kits/skill-1/der-red-maxtm

• 000810- 220 Swift Rocket: Estes Rockets (additional parts sold separately) 
http://www.estesrockets.com/000810-220-swifttm

• Tools for assembly depending on kit selected

Note: Other kits may be substituted
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Experiment 21     Build a Robot

Materials Needed

One of the following robot kits or a different kit of your choice

• http://www.hometrainingtools.com/robo-link-robot-kit/p/KT-ROBLINK/

• http://www.hometrainingtools.com/jungle-robot-kit/p/EL-JUNGLE/

• http://www.robotshop.com/en/2wd-beginner-robot-chassis.html

• http://www.robotshop.com/en/em4-educational-motorized-robot-kit.html
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Experiment 3
Three States of Water

Materials Needed

• water
• 1-2 ice cube trays or 

paper cups
• small frying pan or 

saucepan with lid
• pot holder
• 2 Styrofoam cups 
• freezer
• stove
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Objectives

In this experiment students will observe how water changes from one state to another and how its 
properties change.

The objectives of this lesson are for students to observe that:

• Materials exist in different states: solid, liquid, and gas.
• Some common materials, such as water, can be changed from one state to another by 

heating or cooling.

Experiment

I. Think About It

Read this section of the Laboratory Notebook with your students. 

Have the students think about water and what they have observed about it. Guide open inquiry 
with questions such as the following:

• Where	do	you	think	you	would	find	liquid	water?

• Where	do	you	think	you	would	find	water	in	its	solid	state?

• Where	do	you	think	you	would	find	water	in	its	gaseous	state?

• Do you think all the different states of water occur in nature? Do you 
think this is important? Why or why not?

• How do you think you could get water to change from a liquid to a 
solid? To a gas?

II. Observe It

Read this section of the Laboratory Notebook with your students. 

 Have students fill an ice cube tray or partially fill a paper cup and then test the liquid water 
with their senses. What does it look like, feel like, what shape is it, etc.  Have them record 
their observations.

 Help students put the ice cube tray or paper cup in the freezer and leave it until the water is 
frozen. Then have them test the ice with their senses and record their observations.

 Help students put the ice in a small frying pan or saucepan on a stove with the heat on low 
or medium. Have them observe what happens to the ice as it melts and then record their 
observations.
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 Help the students bring the water to a boil and then put the lid on the pan. Leave it for a 
few minutes and then have the students use a pot holder to take the lid off or do it for them. 
Have them observe the inside of the lid, which should have condensed water on it.

III. What Did You Discover?

Read this section of the Laboratory Notebook with your students. 

Have the students refer to their experimental observations as they answer the questions. There 
are no right answers, and their answers will depend on what they actually observed.

IV. Why?

Read this section of the Laboratory Notebook with your students. 
Discuss any questions that might come up.

V. Just For Fun

In this experiment students will perform a test to see if hot water freezes faster than cold water. 
The experiment calls for the students to direct the teacher to perform the steps that call for 
handling boiling water.

The expected result is for students to find out that hot water freezes faster than cold water. 
Although scientists have theories, so far it is uncertain why this happens. Maybe your student 
will be the one to find out!



Experiment 7
Red Light, Green Light

Materials Needed

• large tray or plastic box, at 
least .3 meter (1 ft) on each side

• something big enough to cover 
the tray

• garden dirt (lots of organic 
material is important for worms)

• spoon or garden trowel
• holding box for the snails/worms 

that keeps them moist and dark
• 12 snails/slugs and/or 20–40 

worms
• water
• Experimental snail and worm 

barriers. If you can, set the 
amount of powder you are going 
to use in an open container in 
the sun for a few days.

• Use table or rock salt and 
choose three from the  
following list: 
cinnamon 
baking soda 
black pepper 
cornstarch 
flour 
borax

• an active anthill



Biology — Experiment 7: Red Light, Green Light   21






B
IO

LO
G

Y

Objectives

In this experiment, students will observe external cues that influence animal behavior. 

The objectives of this lesson are for students to:

• Examine how animals detect external cues.
• Explore how an organism’s environment influences its behavior.

Experiment

I. Think About It

Read this section of the Laboratory Notebook with your students. 

Have the student think about animals they have already observed. 

Explore open inquiry with questions such as the following:

• What is an earthworm? 

• What is a snail? 

• How are they similar? 

• How are they different? 

• How do you think earthworms and snails would respond to a barrier 
that’s put in their way?

• Do you think earthworms and snails will both respond to a barrier in a 
similar way? Why or why not? 

II. Observe It

Read this section of the Laboratory Notebook with your students.

You can use both snails and earthworms for this experiment, or you can choose one or the 
other. The experiment can also be done with slugs. 

Snails are readily found in the late spring and summer months in many parts of the world. 
Earthworms can be ordered year-round in most parts of the United States, however, the 
availability in other countries will vary. Some investigators claim that European earthworms 
are hardier than red wigglers, but red wigglers are cheaper. If you plan to keep your worms 
inside and alive for more than a few days, look for advice. Worm-selling companies and other 
enthusiasts will share their knowledge on how to build and prepare a suitable habitat and how 
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to feed and care for the worms. Worms can be kept for months on moist newspaper and fed 
kitchen scraps. They do not smell and will make compost for plants. 

Be sure to protect the experiment from cold or heat. Cold will stop the subjects from moving, 
and heat will kill them. You could use direct sunlight to encourage snails to go in the right 
direction. While worms have no eyes but only light sensors scattered across their body, snails 
have primitive eyes. Snails are capable of climbing vertical surfaces and can even climb over a 
knife blade without injuring themselves.

 Help students put enough dirt in the plastic box or tray to completely cover the bottom.

 Have the students add some water to the dirt in one-half of the box, being careful to add 
only enough to make the dirt moist and not soggy. The dirt in the other half of the box 
needs to stay as dry as possible.

 Have students perform a control experiment by placing the subjects on the dry side of 
the box. Here, the snails/earthworms will be responding to conditions that are likely to 
happen in nature. It’s expected that they will move from the dry area to the moist area. Have 
students record their observations.

- Help students carefully move the subjects from the box with dirt to the holding box 
between each part of the experiment.

 Students are to pour a line of one of the powders on top of the dirt and from one side of the 
box to the other, dividing the dry and moist areas. Before they use a different powder, have 
them carefully remove the old powder and put more dirt in the area they have dug out.

 Have students use salt as one of the powders. The expected results are that a few worms may 
go into the salt barrier, while snails should not be willing to cross a barrier of salt. Salt draws 
moisture out of tissues, which is deadly to both of these creatures. When encountering salt, 
the snails start to foam. This is a defensive reaction that is not directly caused by the salt.

 Snails are generally unwilling to cross any of the substances on the list except for flour and 
cornstarch.

 When encountering substances such as cinnamon and pepper, snails merely pull in their 
tentacles and head off in another direction or hide inside their shells. 

III. What Did You Discover?

Read this section of the Laboratory Notebook with your students. 

Have the students refer to their experimental observations as they answer the questions. There 
are no right answers and their answers will depend on what they actually observed.
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IV. Why?

Read this section of the Laboratory Notebook with your students. 

Discuss any questions that might come up.

V. Just For Fun

In this section students will design their own experiment to see if there are barriers that ants 
will not cross. Have students review the steps in the snail/earthworm experiment and then write 
the steps for their own experiment based on those. Help them find an active anthill to use in 
this experiment. They can use the same substances as for the snail/earthworm experiment or 
they may want to choose different foods or nontoxic household substances. 

Allow students to explore their ideas. There is no right answer to this experiment.



Experiment 19

How Far?

Materials Needed

• tape
• scissors
• marking pen

Optional

• 2-3 push pins or tacks
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Objectives

In this experiment, students will observe how parallax can be used to measure distance.

The objectives of this lesson are for students to:

• Estimate distance using simple tools.
• Explore graphing and plotting data to observe a trend.

Experiment

I. Think About It

Read this section of the Laboratory Notebook with your students.

Explore open inquiry with questions such as the following:

• Do you think only astronomers use parallax to measure distances? 
Why or why not?

• Do you think parallax could be used to measure something close to 
you? Why or why not?

• Do you think there is a way you could use parallax in your everyday 
life? Why or why not? 

• What are some examples of times when you might want to estimate 
how far away something is?

II. Observe It

Read this section of the Laboratory Notebook with your students.

In this experiment students will learn a quick way to estimate distances using parallax.

- Have the students practice observing the parallax effect. Have them choose an object 
some distance away and hold their arm fully extended in front of them with their thumb 
up so it is in front of the object. Have them close one eye and then switch eyes. Have them 
record their observations. They should notice that their thumb appears to move with respect 
to the distant object. Have them repeat with several different objects at varying distances.

- Have the students cut out the ruler at the end of this section of the Laboratory Notebook, 
tape it together, and fill in the number 4 on both sides of the ruler. Help them find a wall 
with enough space that they can walk 20 heel to toe steps from it. Have them tape or tack 
the ruler to this wall at eye level.
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 Have the students use their feet as measuring devices with their heel to toe equal to one 
“foot.” Have them stand with their back to the wall the ruler is taped to, walk heel to toe 
5 “feet” away from the wall, and turn around. 

- Next they will extend one arm to its full length and hold their thumb up. They will close 
one eye and look at their thumb with the other eye, lining their thumb up with the “0” on 
the ruler. Then they will switch eyes and note the number on the ruler that their thumb is 
now aligned with. Have them record this number in the table provided.

- Have the students repeat Steps - first taking 5 more steps (for a total of 10 “feet”) and 
then taking 10 more steps (for a total of 20 “feet”). Have them record their results each time.

 Help the students plot their data on the graph provided.  

III. What Did You Discover?

Read this section of the Laboratory Notebook with your students.
Discuss any questions that might come up.

Question : Have them draw a line through the three data points on the graph. This line should 
be more or less straight.

IV. Why?

Read this section of the Laboratory Notebook with your students.
Discuss any questions that might come up.

V. Just For Fun

Have the students use the parallax method described in the Why section to try to determine 
how far a distant object is from where they are standing.  
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This Lesson Plan is designed to accompany Exploring the Building Blocks 
of Science Book 4 Student Textbook, Laboratory Notebook, and Teacher’s 
Manual. It is designed to be flexible to accommodate a varying schedule as 
you go through the year’s study. And it makes it easy to chart weekly study 
sessions and create a portfolio of your student’s yearlong performance. The 
PDF format allows you to print pages as you need them.

This Lesson Plan file includes:

• Weekly Sheets
• Self-Review Sheet
• Self-Test Sheet
• Sticker Templates

Materials recommended but not included:

• 3-ring binder
• Indexing dividers (3)
• Labels—24 per sheet,1.5” x 1.5” (Avery 22805) 

Use the Weekly Sheets to map out daily activities and keep track of 
student progress. For each week you decide when to read the text, do 
the experiment, explore the optional connections, review the text, and 
administer tests. For those families and schools needing to provide records 
of student performance and show compliance to standards, there is a 
section on the Weekly Sheets that shows how the content aligns to the 
National Science Standards. 

To use this Lesson Plan:

• Print the Weekly Sheets
• Print Self-Review Sheets
• Print Self-Test Sheets
• Print the stickers on 1.5” x 1.5” labels
• Place all the printed sheets in a three-ring binder separated by index 

dividers

At the beginning of each week, use the squares under each weekday to 
plan your daily activities. You can attach printed stickers to the appropriate 
boxes or write in the daily activities. At the end of the week, use the Notes 
section to record student progress and performance for that week. 

LESSON PLAN INSTRUCTIONS
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✓
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CHAPTER 3: WILL THAT BE ICE OR WATER?

To have students explore the nature of solids, liquids, and gases. 

Content Standard B: Physical Science: Grade K-4
Materials can exist in different states—solid, liquid, and gas. 

Look up the history of the hot air balloon and discuss how this mode of travel was discovered. 

Explore how ideas may begin in a fluid form and solidify over time.

3

Explore the art of glass blowing and discuss how artists use different material states 
(solid and liquid glass) to make glass sculptures. 

Discuss how metals can be molded (in the liquid state) to create cars, airplanes, 
computers, and bicycles. 

Look up the word state in a dictionary or encyclopedia. Discuss the meaning of the word 
state as it applies to states of matter. 
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LESSON PLAN—Exploring the BUILDING BLOCKS of SCIENCE BOOK 4

CHAPTER 7: SQUISHY, SPINY, SLIMY ANIMALS

To introduce students to invertebrate animals. 

Content Standard C: Life Science: Grade K-4
Organisms have different structures that serve different functions for survival. 

Explore the history of invertebrate animals. Who was the first to separate vertebrates from 
invertebrates? 

Look up the Greek philosopher Aristotle and explore how he organized animals. 

Discuss how some animals, such as sea slugs and starfish, have beautiful 
colors and shapes that influence artistic expression. 

Look up the term biomimicry and explore what we might learn from sea slugs, starfish, 
worms, snails, and octopuses. 

Look up the word invertebrate in a dictionary or encyclopedia. Discuss the meaning of the 
word invertebrate.

7
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CHAPTER 19: HOW BIG IS THE UNIVERSE?

19

To introduce students to the concept of the scale of the cosmos.

Content Standard D: Earth and Space Science: Grade K-4
The Sun, Moon and stars all have properties, locations, and movements that 
can be observed and described.  

Explore the history of space measurement and discuss how our understanding of the size of 
the universe has changed over time. 

Explore how our concepts of finite and infinite impact the way we understand the size 
of the universe.

Explain how some artists use scale to create visual effects. Explain how 
mathematics is used to describe the size of the universe.

Discuss the limits of science and technology when it comes to measuring the size of 
the universe.  

Look up the word parallax in a dictionary or encyclopedia. Discuss the meaning of the 
word parallax. 
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LESSON PLAN—Exploring the BUILDING BLOCKS of SCIENCE BOOK 4 SELF-REVIEW

Think about all of the ideas, concepts, and facts you read about in this chapter. In the space 
below, write down everything you’ve learned.

Date ______________    Chapter ___________________________________



SELF-TEST

Imagine you are the teacher and you are giving your students an exam. In the space below, write 
5 questions you would ask a student based on the information you learned in this chapter.

Date ______________    Chapter ___________________________________
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EXPLORING THE BUILDING BLOCKS OF SCIENCE BOOK 4 STUDY NOTEBOOK

This Study Notebook has activities for you to do that will help you learn the ideas 
presented in each chapter of the Student Textbook.

Materials you will need

• 8.5 x 11 white paper
• color printer
• scissors
• glue or clear tape

Step 1 Printing 

• Download	the	Study	Notebook	file	for	the	chapter	you	are	reading.
• Use the printer settings: portrait, letter, 8.5 x 11.
• Print the pages single sided.

Step 2 Activities 

• The little blue boxes on the left-hand side of the main pages show you which 
section of the Student Textbook has the information for that activity.

• For the chapter you are studying, do the activities on the two main pages (those 
that	have	page	numbers	at	the	bottom):	fill	in	the	blanks,	answer	questions,	and	
follow the directions for other types of activities.

• On the Stuff to Cut Out pages, follow the directions for cutting out the pieces and 
gluing or taping them to the main pages.

Step 3 Make the Study Notebook pages into a Book 

• Cut	the	file	folders	in	half	along	the	fold.
• Separate	the	file	folder	halves	into	two	piles,	one	pile	for	the	pieces	that	have	

tabs and the other pile for the pieces that do not have tabs.
• Use two of the pieces without tabs for the front and back covers.
• The	6	file	folder	pieces	with	tabs	will	be	used	to	divide	your	book	by	subject.	

Label the tabs Chemistry, Biology, Physics, Geology, Astronomy, and Conclusion.
• Use	a	3-hole	punch	to	make	holes	along	the	cut	edge	of	the	6	file	folder	pieces	

that have tabs and the front and back cover pieces. 
• As you complete each chapter, punch holes in the pages and insert them in your 

Study Notebook. Chapter 1 will go in between the front cover and the Chemistry tab. 

This is your book! Add color to the pages along with doodles, squiggles, and notes in 
the margins. The backs of the pages are great for writing observations and ideas. Add 
your own pages with more ideas, observations, questions, science news you have heard 
about, and anything else you want to remember.

• colored pencils
• 6	manila	file	folders	with	tabs
• 3 brad paper fasteners or 3-ring binder
• 3-hole punch 

Cut here

Tab
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Review
Energy is something that gives something else the ability to do W_____ .

W_____  happens when a F_________ moves an object. 

3.

u 5 t

3.1

3.2

  W
ill T

hat Be

Ice or Water?

Water exists in 
3 different forms:

Each form of water is called a

Most substances can exist in the 3 different forms. False!True!

What do you think causes a substance to change from a solid to a liquid 
to a gas?

What do you think causes a substance to change from a gas to a liquid  
to a solid?

3.2

3.2

When an atom or molecule exists 
in different states, it behaves, 
looks, and feels different. This 
means it is a totally different 
atom or molecule in each state.

The only difference between the  
3 states of a substance is the amount 
of ____________________ .

Number the different states of a 
substance according to how much 
energy each has, with 1 being the 
least and 3 the most.

____ liquid,  ____ solid,  ____ gas
no!yes!

What's happening?
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3.3
Be a Chemist!
Do this little experiment

1. Get 2 cups. Put an ice 
cube in each cup.

2. Fill one cup with hot water and 
the other cup with cold water.

3. For several minutes observe 
what happens to the ice cube 
in each cup. Stir the water in 
each cup once or twice during 
the time you are making your 
observations.

4. Feel the temperature of the 
water in each cup.

5. Record your observations on the 
back of the page.

3. Draw conclusions about what you 
think happened to each ice cube, 
the water in each cup, and why. 
Record your conclusions.

Lattices

A lattice is a type of vegetable 
used in salads.

Solids with a highly organized 
lattice structure are called 
cr_____________.

This type of lattice is found in 
minerals/glass. (Circle one.)

Some solids have a loosely 
organized lattice structure. These 
are not cr_____________.

This type of lattice is found in 
minerals/glass. (Circle one.)

The molecules in the lattice 
structure of a solid are moving 
more slowly than the molecules in  
a gas.

Don't be silly!no!yes!

False!True!

Glue TAB 3.4 Here

I T ' S  A  GA S !
If your friend asks you how Water 
evaporates, how would you explain it?

Where	do	you	think	you	could	find	Water that  
is in the gaseous state?

3.3
3.4
3.5

3.3
3.4



Stuff to Cut Out for Chapter 3
Cut out the pieces below and those on the following page on their solid outline. Put glue on the  

back of the bar that has the TAB number. Glue to Study Notebook page 6, matching the TAB numbers. 
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IT'S LIQUID!
How can you tell when Water is in the 
liquid state?

Why do you think ice melts and becomes liquid Water?

TAB 3.4 Glue TAB 3.3 Here

It's SOLID!

The name for Water in its solid form is:

How would you describe a lattice. What 
does a lattice have to do with a solid?

TAB 3.3 Glue TAB 3A Here
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More Stuff to Cut Out for Chapter 3

TAB 3A

SOLID, LIQUID, GA S !
(Draw a line from the state of matter to the drawing that illustrates it.)

Cut out this piece on its solid outline and match yellow TAB 3A to the green 
Glue TAB 3A Here on page 6.
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7.1

Squishy, Spiny, Slimy

     
  Animals!

7.2

What is this object?

What is this called?

What are the bones in it called?

What is an animal that has one of these called?

In this chapter, the animals we will meet do not have 
one of these. Animals without one of these are called

Spongy SPONGES!

Why do some sponge 
cells	have	fl	agella?

When is a fish not a fish?
When it's a J________________ !

Where would you 
fi	nd	the	mouth	of	a	
J_________________
and how does it eat?

When it's a 

Where would you 
fi	nd	the	mouth	of	a	
J_________________
and how does it eat?

                  EARTHWORMS! 

Your friend sees an earthworm in the garden and says, "EEEEEEUUUUW!" 
How would you explain to your friend that earthworms are fascinating 
animals that help plants grow?

                  

7.3

7.4
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Watch out! They're Spiny!
What does the word echinoderm mean?

What is the common feature of the animals in the  
phylum Echinodermata?

What funny sounding features allow many echinoderms to move around?

What is this spiniest of the spiny echinoderms?  
How would you describe it?G

lu
e 

TA
B 

7.
5 

H
er

e

7.1
7.2
7.3
7.4
7.5
7.6

My Life as an Octopus!
Many biologists and scuba divers agree that 
octopuses are very intelligent and curious animals. 
Imagine you are an octopus. Describe yourself, 
where you live, and what a day in your life would 
be like. To write your story, ask yourself a lot of 
questions that begin with "what," "who," "where,"  
"when," "why," and "how," such as: What can I do 

with 8 arms? How do I get from place to place? Why would I want to meet a 
scuba diver? Where do I sleep? Who are my friends? and so on. You can also do 
research at the library or online to learn more about octopuses.
(Add a blank page after this one for your story. Illustrate your story with drawings.)

7.5

Sea Stars
(Circle the statements that are true for Sea Stars)

Have a mouth on top of their body.

Are spiny.

Have 6 arms.

Have feet on their arms.

Can stand up tall on their legs.

Creep	slowly	along	the	ocean	floor.	

Many can pry open clams to get 
food.

Are	related	to	true	fish.

Can hold onto rocks with tube 
shaped feet.

7.6
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So many SQUIGGLY WORMS!
Make a list of the three main categories 
of worms and the phylum each is in.

1.

2.

3.

What are some features you could observe that would help you 
conclude that an animal is a worm?
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Snails and Octopuses are ... 
        Related???
What phylum are they in?

Why do biologists group snails and octopuses in the same phylum?

What makes snails so good at eating up the plants in your garden?

How are land snails, slugs, and saltwater snails different from each other?
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More Stuff to Cut Out for Chapter 7

Why are JELLYFISH S quishy?

Jellyfish are in the phylum

Why do some biologists call Jellyfish  
jellies or sea jellies?

Why do you think Jellyfish can't live on the land? How do you think 
the body of the Jellyfish is perfectly suited to live in the ocean?
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What makes SPONGES Spongy?

SPONGES are in the phylum

Why do biologists consider sponges  
to be animals?

How would you explain why a sponge is spongy?
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Even More Stuff to Cut Out for Chapter 7

95%  I_______________ 5%  V_______________ 

Squishy, Spiny, Slimy, or...?
What different things do you think 
you can learn from this pie chart?

TA
B 

7.
1

Cut out this piece on its solid outline and match yellow 
TAB 7.1 to the green Glue TAB 7.1 Here on page 14.
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19.2

19.2

19.1
19.3

☆☆☼☆☆☼☆☆☆☼☆☆☼☆☆☆☼☆☆☼☆☆☆☼☆☆☼☆☆☆☼☆☆☼☆☆☆☼☆☆

 How Big Is

 th
e Universe? 19.

          Far, far away

As telescopes are invented that are more 
and more powerful, astronomers keep 
finding	galaxies	that	are	farther	and	
farther away. Do you think astronomers 
will someday be able to tell whether the galaxy they have just  
discovered is the very farthest galaxy from Earth? Why or why not?

Aristarchus 301-230 BCE
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Aristarchus of Samos

Aristarchus lived in Greece almost 2000 years 
ago, but he made some amazing astronomical 
discoveries without even having a telescope to 
use. How was Aristarchus able to calculate the 
distance from the Earth to the Moon?

Mapping the Stars
(Insert a blank sheet of paper in your Study Notebook for your answers.)

In 2013 the European Space Agency (ESA) launched the Gaia mission. The 
goal of this mission was to make a three-dimensional map of about one 
billion stars in the Milky Way Galaxy and the Local Group of galaxies. The 
Gaia satellite also measured the velocity (the speed and direction of travel) 
of some of the brightest stars and mapped asteroids in our solar system. 
How do you think all of this information will add to our understanding of 
the Milky Way and the universe? 
Do some research at the library or online to discover more about ESA's  
Gaia mission and what astronomers hope to learn.
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It's those electromagnetic waves again!
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They're so Wavy!

Recall from Chapters 10 and 11 that charged 
particles, such as electrons, vibrate and 
create	electric	and	magnetic	fields	that	
combine to make electromagnetic waves. 
Electromagnetic waves carry energy.

The diagram of electromagnetic waves 
illustrates the small range of waves that we 
can detect with our eyes. We can't detect 
radio waves directly with our sight or hearing, but radios and cell 
phones use radio waves. How do you think we can hear radio waves?

19.3 A Trip in the Imagination to the Ends of the Universe!
(Insert a blank sheet of paper in your Study Notebook for your answers.)

Do you think you have seen where Earth ends? Why or why not?

If you were an astronaut in the International Space Station, do you think  
you could see where Earth ends? Why or why not?

If the universe ends, or has a limit, how do you think you might be able to 
tell that you have reached the outer limit?

How do you think you could tell if the universe doesn't end?

Do you think there could be other universes that astronomers have not yet 
found? Do you think other universes could have different laws of physics  
than ours? What do you think might be different?
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More Waves in space

Look at the illustration of the electromagnetic spectrum. What other 
types of waves do you see in addition to radio waves and visible light? 
What makes them different from each other?

What type of wave is used by doctors to make images of 
broken bones that we could not see using just our eyes?

Do you think because there are different types of waves radiating from 
a celestial body, we can learn many different things about that object? 
Why or why not? If so, how would we do this?

Radio Waves in space

Look at the above illustration of the 
electromagnetic spectrum. What type of 
waves are radio waves? (Circle one.)

         Long                 Short

Radio telescopes are instruments that can 
detect radio waves that are emitted by

c________________  b___________.

Astronomers use data collected by radio 
telescopes to calculate how far from 
Earth a star is. What are 2 things that 
astronomers can use to interpret this data?

The Very Large Array radio  
telescope, New Mexico

Image courtesy of NRAO-AUI/ 
Photographer: Bob Tetroi
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Name ________________________      Date ________________ 

Building Blocks of Science Book 4 
Midterm 1 Chapters 1-11, 20 questions, 10 points each
Sample questions Chapters 3 & 7

3. The only difference between water as a solid, a liquid, and a gas is how much energy is in
the moving molecules. (10 points)the moving molecules. (10 points)

True

False

4. Check the statements that are true about gases. (10 points)
Water in the gaseous state is not the same water as when it was in the liquid state.

As liquid water evaporates, the molecules move far away from each other quickly and
move into the air.

When water evaporates, it turns into the gaseous state.

Gases have a lattice structure.

Molecules in the gaseous state have more energy than molecules in the liquid state.

11. Which of the following statements are true for invertebrates? (10 points)
Include jellyfish and sponges.

Are about 95% of the animals in the world.

Are found on land and in water.

Are few and far between.

Do not have a backbone.

Include octopuses, worms, snails, and dogs.

12. Sponges... (10 points)
Walk on tube feet to find food.

Can pry apart clam shells to eat the animal inside.

Have tentacles for catching food.

Create tunnels in soil to eat decaying plants.

Eat by taking food particles out of water that moves through their body.



Answer Sheet

Building Blocks of Science Book 4
Midterm 1 Chapters 1-11 
Sample questions Chapters 3 & 7

True3.

As liquid water evaporates, the molecules move far away from each other quickly and move

into the air., When water evaporates, it turns into the gaseous state., Molecules in the

gaseous state have more energy than molecules in the liquid state.

4. 

Include jellyfish and sponges., Are about 95% of the animals in the world., Are found on 

land and in water., Do not have a backbone.

11. 

Eat by taking food particles out of water that moves through their body.12.



Name ________________________      Date ________________ 

Building Blocks of Science Book 4
Midterm 2 Chapters 12-22, 20 questions, 10 points each
Sample questions Chapter 19

15. Parallax is an important principle used by astronomers to measure the distance to nearby
stars. (10 points)

True

False

16. Some ways to measure the distance of celestial bodies are by using: (Check all that apply.)
(10 points)(10 points)

Space travel to the celestial bodies.

Radio telescopes.

Parallax.

Paradox.

Electromagnetic waves such as infrared, gamma rays, and X-rays.

Answer Sheet

Building Blocks of Science Book 4
Midterm 2 Chapters 12-22
Sample questions Chapter 19

15. True

Radio telescopes., Parallax., Electromagnetic waves such as infrared, gamma rays, and

X-rays.

16. 



Name ________________________      Date ________________ 

Building Blocks of Science Book 4, Final Quiz 
Chapters 1-22, 20 questions, 10 points each
Sample questions Chapters 3, 7, 19

2. Check the statements that are true about solids. (10 points)
May have a loosely organized lattice structure.

Most have a lattice structure.

May have a highly organized lattice structure and form crystals.

Always require a chemical reaction to change to a liquid.

Have more energy than either a gas or a liquid.

6. Even though snails and octopuses look very different, they both... (Check all that apply.)
(10 points)

Are in a group of invertebrates called mollusks and are in the phylum Mollusca.

Have a similar body plan with one or more muscular feet that they use to move.

Have outer shells.

Have soft bodies.

Have oral arms.

Always live on the sea floor.

18. Radio telescopes... (10 points)
Can measure how far away a celestial body is but can't tell anything else about it.

Detect low frequency electromagnetic waves given off by celestial bodies.

Detect high frequency sound waves.

Do not need computers to collect data.

Cannot be used to measure distance to stars.

Answer Sheet

Building Blocks of Science Book 4, Final Quiz 
Chapters 1-22, 20 questions, 10 points each 
Sample questions Chapters 3, 7, 19

2. May have a loosely organized lattice structure., Most have a lattice structure., May have a

highly organized lattice structure and form crystals.

Are in a group of invertebrates called mollusks and are in the phylum Mollusca., Have a

similar body plan with one or more muscular feet that they use to move., Have soft bodies.

6. 

18. Detect low frequency electromagnetic waves given off by celestial bodies.


