
WHAT IS GOING 
ON INSIDE ME?

Body Systems and Cellular ProcessesBody Systems and Cellular Processes



IQWST LEADERSHIP AND DEVELOPMENT TEAM

Joseph S. Krajcik, Ph.D., Michigan State University
Brian J. Reiser, Ph.D., Northwestern University

LeeAnn M. Sutherland, Ph.D., University of Michigan
David Fortus, Ph.D., Weizmann Institute of Science

Unit Leaders

Strand Leader: Brian J. Reiser, Ph.D., Northwestern University
Lead Developer: Lou- Ellen Finn, Northwestern University

Unit Contributors

Judith LaChance- Whitcomb, Northwestern University
Barbara Hug, Ph.D., University of Illinois at Urbana–Champaign
Elizabeth Gonzalez, University of Illinois at Urbana–Champaign

Ana Houseal, University of Illinois at Urbana–Champaign
Jiehae Lee, University of Illinois at Urbana–Champaign
Faith Sharp, University of Illinois at Urbana–Champaign

LeeAnn M. Sutherland, Ph.D., University of Michigan

Unit Pilot Teachers

Michael Novak, Park View School, Morton Grove, IL
Keetra Tipton, Park View School, Morton Grove, IL

Lesley Taylorson, Waterloo, IA

Unit Reviewers

Jo Ellen Roseman, Ph.D., Project 2061, American Association for the Advancement of Science
Jean Flanagan, Project 2061, American Association for the Advancement of Science



Investigating and Questioning Our 
World through Science 

and Technology 
(IQWST)

WHAT IS  GOING 
ON INSIDE ME?
Body Systems and Cellular ProcessesBody Systems and Cellular Processes

Student Edition
Life Science 2 (LS2)

LS2 Me SE 2.0.5
ISBN-13: 978- 1- 937846-04-6



Life Science 2 (LS2)
What Is Going on Inside Me?
Body Systems and Cellular Processes

ISBN- 13: 978- 1- 937846-04- 6

Copyright © 2017 by Activate Learning. All rights reserved. No part of this book may be 
reproduced, by any means, without permission from the publisher. Requests for permission 
or information should be addressed to Activate Learning, 44 Amogerone Crossway #7862 
Greenwich, CT 06836

About the Publisher

Activate Learning is a mission-driven company that is passionate about STEM education. 
We make it easy for teachers to teach with quality, investigation-centered science curriculum, 
tools, and technology. For more information about what we do, please visit our website at 
http://www.activatelearning.com.

IQWST (Investigating and Questioning Our World through Science and 
Technology) was developed with funding from the National Science Foundation 
grants 0101780 and 0439352 awarded to the University of Michigan, and 
0439493 awarded to Northwestern University. The ideas expressed herein are 
those of members of the development team and not necessarily those of NSF.



LS2 CONTENTS

Lesson 1  –  How Do I Do the Things I Do? 1

Lesson 1A  –  Using the Microscope (Optional) 9

Lesson 2  –  Where Else Can We Find Cells? 15

Lesson 3  –  Am I a System? 27

Lesson 4  –  What Is Breaking Food Down Inside Me? 35

Lesson 5  –  How Does Food Move in My Body? 45

Lesson 6  –  The Case of the Missing Oxygen 59

Lesson 7  –  Growth and Repair 71

Lesson 8  –  Can My Systems Keep Up the Pace? 77

Lesson 9  –  How Does All This Energize and Repair Me? 87

Lesson 10  –  How Does All This Work Together Inside Me? 93

Lesson 11  –  What Is Going on Inside Me? 97



ART

Every effort has been made to secure permission and provide appropriate credit for 
the photographic materials in this program. The publisher will correct any omission 

called to our attention in subsequent editions. We acknowledge the 
following people and institutions for the images in this book.

Lesson 1
Cork Micrographia Hooke – Wikipedia, The Free 

Encyclopedia
Hooke Microscope – Wikipedia, The Free 

Encyclopedia

Lesson 2
Escherichia – Wikipedia, The Free Encyclopedia
Gram Stain Anthrax – Wikipedia, The Free Encyclopedia

Lesson 5
Salt Mummy – Wikipedia, The Free Encyclopedia



 1

ACTIVITY 1.1 ͵WHAT IS INSIDE OF ME?ACTIVITY 1.1 ͵WHAT IS INSIDE OF ME?

What Will We Do?
We will discover what we can fi nd when we look inside our body.

Prediction
Think about what you may already know about the human body and what it is made of. What 
do you think you would see if you looked at specimens from your body under a microscope?

!   Safety

 • Be sure to clear the aisles of book bags and other items so that no one will trip when 
walking.

 • Handle the microscopes carefully and carry them properly.

 • Slides and cover slips break easily and should be handled carefully. If anything is 
dropped or broken, it should be cleaned up immediately.

 • Methylene blue is toxic and will stain clothes, hands, and tabletops. Handle carefully 
and wash hands immediately if it gets on them.

 • Be sure to wash hands thoroughly at the end of the lab.

L�ÝÝÊÄ 1

How Do I Do the Things I Do?
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Procedure
This activity is divided into two parts. In the first part, you will look at a specimen from your 
cheek. In Part 2, you will look at a sample from your wrist. You need to set up the slide for Part 2 
before you begin Part 1 because the stain needs time to work.

Part 1
Turn to the directions for Part 2 and prepare the skin cell slide. Set it to the side and continue 
with Part 1. You will return to the skin cell slide after you complete Part 1.

 1. Before you begin, make sure your slide and cover slip are clean. Check that there are 
no fingerprints on them. If they are dirty, wash and dry them carefully.

 2. Get materials from your teacher.

 3. Place a small drop of methylene blue stain on your slide.

 4. Gently scrape the inside of your cheek with the flat side of the toothpick. Scrape gently!

 5. Stir the end of the toothpick into the stain, and throw the toothpick away.

 6. Place one edge of the 
cover slip at the edge of 
the stain at a 45° angle. 
Gently lower it onto the 
slide. If there are any air 
bubbles, no matter how 
small, wash your slide 
and make a new one. It 
is important that you 
have a good slide.

 7. Begin viewing your slide 
with the lowest power 
objective on your 
microscope. It is 
important to eliminate 
blurriness now so that it 
will be easier to focus as 
you increase the power.

 8. Draw what you see using 
each of the objectives on 
your microscope. Be sure 
to label the power of the 
objective you are using 
under each drawing.
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 9. What do you think the things from the inside of your mouth are?

 10. Do you think you could find the same kind of thing in other parts of your body? Why?

Part 2
Procedure
 1. Before you begin, make sure your slide and cover slip are clean. Check that there are 

no fingerprints on them. If they are dirty, wash and dry them carefully.

 2. Get materials from your teacher.

 3. Wash and dry your wrist or elbow. Place a small piece of transparent tape on the 
outside part of your elbow where it bends. Pick up a corner of the tape and pull it off. 
Be careful not to get fingerprints on the tape.

 4. Place the tape, sticky side up, on your slide. Put one drop of methylene blue on the 
slide, and cover it with a cover slip.

 5. Now go to Part 1, Step 7 
and follow the same 
procedure. Record your 
findings and be sure to 
diagram what you see 
accurately and carefully.
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Conclusion
 1. How are the cheek and skin samples similar?

 2. How are these two kinds of samples different?

Making Sense
Do you think there are cells in other places in your body? Why?
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    Reading 1.1 – How Did Scientists Find These Tiny Cells?

Getting Ready
Have you ever looked through a magnifying glass? Maybe you looked at a piece of grass, a 
bug, or a piece of paper? There is a lot to notice when you can look at something magnified. 
What sorts of things do you think people first looked at using a microscope when they were 
invented?

What Would You Want to Look at under a Microscope?
When you know about magnifying glasses and microscopes, it is hard to think about a time 
when they had not been invented yet. This reading is about the very first things scientists 
ever looked at through a microscope. As you read, imagine what you might have thought 
the first time you used a microscope to look at something really, really close. How would you 
have known what you were seeing?

What Did Scientists See in Their Microscopes?
The British scientist Robert Hooke, who lived in the 1600s, 
became very good with a new technology—microscopes. 
Hooke was the first person to write about how everyday objects 
looked through a microscope. He looked at all sorts of things 
from the world around him through the microscopes he built, 
including insects, mold, bird feathers, shells, and lots more. 
In 1665, he made a very important observation. He looked 
at a thin slice of cork under his microscope. Cork comes from 
underneath the bark of the cork oak tree. He described what 
he saw as something “looking like a honeycomb with a great 
many little boxes.” These boxes reminded him of small rooms. 
Some kinds of very small rooms in the 1600s were called cells, 
so Hooke decided to use the same name for the tiny objects 
he saw.

Hooke’s discovery caused great excitement among many 
scientists. Hooke could not tell exactly what these objects 
actually were. He saw something new and gave it a name. He 
did not know whether these cells were part of a living organism 
or not. His discovery of cells raised many important questions 
for scientists to investigate. Even simple things, like pieces of 

Honeycomb

Hooke’s microscope
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cork, appeared to have interesting and complex structures 
inside them. You know this already, but it was once a new idea 
for scientists.

In class, you used a microscope to look at samples from your 
skin and the inside of your mouth. You saw the tiny cells that 
make up your cheeks and your skin. Cells are the tiny parts that 
make up your whole body. In class, you compared skin and 
cheek cells, talking about how they are similar and different. 
You also looked at pictures of cells from inside the heart. 
Without microscopes, you could not see these cells. Without 
microscopes, scientists would not know much about what 
cells do.

What do you think cells actually do in your body?

What Else Could People Look at up Close?
The new technology of powerful lenses was spreading. Curiosity led other people to look 
at everyday things close up and magnified. Anton van Leeuwenhoek lived in Holland. His 
business was buying and selling cloth. Leeuwenhoek often used magnifying glasses to look 
closely at the fibers in the cloth he bought. As a hobby, Leeuwenhoek used magnifying glasses 
to look at all kinds of things. His curiosity led him to start making his own lenses and building 
microscopes. He was able to make his own microscopes that could magnify even better than 
the microscopes others were building at the time. By looking through one of his microscopes, 
Leeuwenhoek could see something 300 times bigger than it would look with his unaided eye. 
Although not as powerful as today’s microscopes (many microscopes used in schools can 
magnify 400 times), these enabled him to see things that nobody had seen before.

Leeuwenhoek studied almost anything he could place under the lens: insect eyes, drops 
of blood, leaves, mineral crystals, fossils, lake water, and even the plaque between his own 
teeth. He drew very accurate pictures, and he wrote descriptions of everything he saw.

Hooke’s drawing of cork through 
a microscope
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A New Discovery
A few years after Hooke’s observations, Leeuwenhoek was amazed to see tiny things moving 
in drops of rainwater taken from puddles and in water taken from a pond. He even found 
some when he looked at the plaque from his own teeth. He put the plaque in a drop of water 
to look at it under the microscope. Assuming these tiny things were alive, he called them 
“animalcules.” This is what he wrote: “I then most always saw, with great wonder, that in the 
said matter there were many very little living animalcules . . . in such enormous numbers, that 
all the water . . . seemed to be alive.”

These are some of the animalcules from Leeuwenhoek’s drawings (called fig for “figures”): 

How do Leeuwenhoek’s observations of animalcules compare to Hooke’s observations of 
cells in the cork?

How do Leeuwenhoek’s observations compare to the skin cells and cheek cells you saw in 
class?

Leeuwenhoek’s drawings of animalcules
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L�ÝÝÊÄ 1A

Using the Microscope (Optional)

ACTIVITY 1A.1 ͵ PREPARING A WET MOUNTACTIVITY 1A.1 ͵ PREPARING A WET MOUNT

What Will We Do?
We will learn how to use the microscope and to make a wet-mount slide in order to observe 
objects.

Procedure
 1. Gather materials from the teacher.

 2. Your teacher will review the parts of the microscope before you begin this activity.

 3. Your teacher will demonstrate for you how to make a wet- mount slide. Use the 
following directions to make one for your group.

 • Cut out a single letter e from the strip of newspaper.
 •  Place the letter e in the center of your slide. Be careful when picking up your 

slide. Remember: Hold the slide and cover slip by the edges. You do not want 
fi ngerprints on your slide.

 • Use the eyedropper to put one small drop of water on top of the e.
 •  Carefully put the edge of the cover slip into the edge of the water at a 45° 

angle. Gently drop it over the e. Be careful when handling the cover slip 
because it can 
break easily.

 •  If there is water 
around the outside 
edge of your slide, 
use a piece of 
paper towel to dry 
around the edge of 
the cover slip. Do 
not press on the 
cover slip to get 
more water out.

 4. Carefully pick up your slide by the edges and place it on the stage of your 
microscope. Secure it with the stage clips so that it will not move around.

Sample
Slide

Cover Slip
Water Drop
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 5. Now you are ready to look at the slide. Always start with the lowest power objective 
on your microscope. When you turn the knob to focus, be sure to focus slowly. If you 
focus too quickly, you may miss what you are trying to find.

 6. Make sure that the diaphragm is open all the way to let in light. You can close it to let 
in less light. With less light, you will be able to see more detail.

 7. Be sure everyone in the group has a chance to look through the microscope.

 8. Make a drawing in the following space of what you saw when you looked through the 
microscope. Be sure to draw exactly what you saw.
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ACTIVITY 1A.2  DETERMINING FIELD OF VIEWACTIVITY 1A.2  DETERMINING FIELD OF VIEW

What Will We Do?
We will determine the field of view of the microscope. (Remember, the term field of view 
refers to how much you can see of the object you are looking at under the microscope.)

Procedure
 1. Gather materials from the teacher.

 2. Use your metric ruler to measure the length of one side of a square of graph paper, 
and record it in millimeters.

Length of one side of a square of graph paper:  

 3. Cut out one square of graph paper and put it on the center of your slide. If it does not 
lie flat, add a drop of water and a cover slip. Place the slide on your microscope. Be 
sure to start with the lowest power objective. Move the slide until you see as much of 
the entire square as possible.

 4. In the following space, draw a picture of the whole square. Then draw a circle around 
as much of it as you can see under low power. This circle represents the field of view 
of your microscope.

 5. Increase the magnification on your microscope to the next highest objective. Draw a 
picture of what you see. The circle indicates your field of view.



12 WHAT IS GOING ON INSIDE ME? 

Making Sense
 1. How did your field of view change between low power and the next highest 

objective?

 2. Did you see more or less of the square of graph paper under higher magnification?

 3. What happens to your field of view as you increase magnification?
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ACTIVITY 1A.3  MOVING OBJECTS ON THE SLIDEACTIVITY 1A.3  MOVING OBJECTS ON THE SLIDE

What Will We Do?
We will practice moving objects on the slide while looking at them under the microscope.

Procedure
 1. Gather materials for the activity.

 2. Carefully put one drop of water in the center of your slide. Put one or two flakes of 
pepper, a few poppy seeds, or rice grains into the drop of water. For this activity, you 
will not use a cover slip. You must be very careful not to spill the water on your 
microscope.

 3. Carefully place the slide on the stage of your microscope and hold it in place with the 
stage clips.

 4. Using low power to observe your object, estimate its size. Refer to Activity 1A.2, 
where you measured your field of view. Is your object bigger or smaller than your field 
of view? Estimate the size of your object.
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Where Else Can We Find Cells?

ACTIVITY 2.1 ͵ WHAT IS IN MY YOGURT?ACTIVITY 2.1 ͵ WHAT IS IN MY YOGURT?

What Will We Do?
We will observe and describe yogurt viewed under the microscope.

!   Safety

 • Make sure there are clear pathways throughout the classroom and all book bags are 
stored in a designated place.

 • Be careful when handling glass slides and samples. If anything is spilled or broken, be 
sure to clean it up immediately.

 • Microscopes should be handled with care when you walk around the room so they are 
not dropped.

 • Wash hands thoroughly with warm water and soap after handling the samples.

Procedure
 1. Get the necessary materials for this activity from your teacher.

 2. Make sure that your slide and cover slip are clean and that there are no fingerprints 
on them.

 3. Place a drop of yogurt on your slide and spread it into a thin layer using either the 
eyedropper or a toothpick.

 4. Place the edge of the cover slip on the slide, and gently lower it over the yogurt. Be 
careful not to get fingerprints on the slide.

 5. Place the slide on the microscope. Adjust the amount of light coming in through the 
diaphragm of the microscope. It is sometimes easier to see details of the sample in 
lower light. Add more light if you are having difficulty seeing the sample.
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 6. Begin with the lowest power on your microscope and then increase the magnification. 
Describe what you see when looking at the yogurt under high power.

Drawings—Make a drawing for each of the powers of magnification you used to look at 
the yogurt sample. Be sure to write down what power of magnification you used. 
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Making Sense
Based on your observations, do you think what you saw in the yogurt were cells? Why?
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ACTIVITY 2.2 ͵ ARE THERE CELLS IN A DROP OF WATER?ACTIVITY 2.2 ͵ ARE THERE CELLS IN A DROP OF WATER?

What Will We Do?
We will determine if there are cells in a water sample.

!   Safety

 • Make sure there are clear pathways throughout the classroom and all book bags are 
stored in a designated place.

 • Be careful when handling glass slides and samples. If anything is spilled or broken, be 
sure to clean it up immediately.

 • Microscopes should be handled with care when walking around the room so they are 
not dropped.

 • Wash hands thoroughly with hot water and soap after handling the samples.

Procedure
 1. Gather the materials for this activity from your teacher.

 2. Make sure your slide and cover slip are clean. Be sure there are no fingerprints on 
either of them.

 3. Your teacher will give you directions for getting a sample of the water for your slide.

 4. Place a cover slip over the sample. This will keep water from getting on the lens if you 
lower the microscope too far.

 5. Place the sample on the stage of your microscope. Use the lowest power on your 
microscope. Be sure to check the amount of light coming into your microscope. Begin 
with a low level of light. It is harder to see objects if there is too much light coming in.

 6. In the following space, describe what you observe.
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Drawings—Make a drawing for each of the powers of magnification you used to look at the 
water sample. Be sure to write down what power of magnification you used.
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Conclusion
Did you see cells in the water? How do you know?

Making Sense
 1. Compare the cheek cells that you saw in Lesson 1 to what you saw in the yogurt and 

water in Lesson 2. Use the following T- chart to help organize your answer.

SimilarSimilar DifferentDifferent

 2. Do you think all of the things you saw were cells? Why?
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ACTIVITY 2.3  HOW DO ALL THESE COMPARE?ACTIVITY 2.3  HOW DO ALL THESE COMPARE?



22 WHAT IS GOING ON INSIDE ME? 

    Reading 2.3 – Cells: Here, There, Everywhere

Getting Ready
Were you surprised to see living things in the yogurt we eat? How about those little creatures 
in the pond water? In class you were able to see these tiny organisms that are made up of 
only one cell with the help of a microscope. Where else could single- celled organisms be 
found?

Can you think of some other places single- celled organisms might be in our environment?

In this lesson you learned that there are living things that are made entirely of one cell. You 
saw bacteria in yogurt and an amoeba in pond water. Even though these are only a single 
cell, too small to be seen without a microscope, they do all the things that make something 
a living thing. These organisms use food for energy, grow and reproduce, and respond to 
stimuli. So these creatures made of a single cell are living things.

You also saw in these first two lessons that there are cells that are parts of larger organisms. 
How are these single- celled organisms related to the cells in larger organisms? Today’s 
reading is about the cells all around us and how they compare with the cells in our bodies.

Where Are These Single- Celled Organisms?
The amoeba in the pond water was not something unusual in nature. Single- celled organisms 
can be found just about everywhere. They are in the soil, in water, and even in the air. In the 
last lesson, we read that Leeuwenhoek found single- celled organisms living in the plaque on 
his teeth. In fact, there are bacteria living on many parts of your body.

There are many species of single- celled organisms. The most well  known are the bacteria, 
but there are also others, such as single- celled fungi and algae. Pick up a fistful of garden soil 
and you are holding hundreds, if not thousands, of different kinds of single- celled creatures 
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in your hand. One teaspoon of that soil contains over 1,000,000,000 bacteria cells, about 
120,000 fungi cells, and 25,000 algae cells. Even though they have only one cell each, single- 
celled creatures come in a wide range of shapes, sizes, and colors.

What Can Bacteria Do to Other Organisms?
Did you ever happen to drink spoiled milk? Not a pleasant experience, right? Well, food does 
not spoil by itself. It is organisms that caused the damage. When food spoils, it is usually 
because single- celled organisms have started to grow in it. When milk is expired or is left 
outside the refrigerator for too long, harmful bacteria can grow. These bacteria feed on the 
milk’s sugars and produce substances that make the milk “sour” and may also be poisonous 
to us. What is usually called “food poisoning” is due to consuming food containing harmful 
bacteria.

Single- celled organisms may also infect food as it is 
being grown. During the 1840s, a terrible plant disease 
caused by a single- celled organism ruined potato crops 
all over Europe, especially in Ireland. At that time in 
Ireland, potatoes were the main food crop. With so 
many of the potato crops destroyed, many people 
starved. This was called the Irish Potato Famine, which 
led to the death of about one million people through 
starvation and disease.

Single- Celled Organisms Are Often Helpful
Did you know that most of the oxygen we breathe 
is produced by single- celled organisms? Although 
plants generally get the credit for making the oxygen 
we breathe, most of it is actually produced by single- 
celled organisms that live in the oceans. In the IQWST 
LS1 unit, you learned about plankton, which form the 
foundation of the food webs for both freshwater and 
saltwater ecosystems. The name plankton is used for 
a collection of different kinds of organisms, including 
some multicellular organisms and a large number of 
single- celled organisms, including algae and bacteria. 
These algae and bacteria make their own food using 
energy from sunlight, just like plants, and give off 
oxygen. So not only are these single- celled organisms 
food for all the fish in the world, but they contribute a 
large part of our oxygen. Without them, people might 
not have enough oxygen to survive.

Single- celled creatures are involved in yet another 
important environmental process—recycling. Single- celled creatures in the soil can feed on 
almost everything. They feed on dead leaves and twigs, scraps of food, and anything organic 
(matter from living things) in the garbage we throw away. When they do that, they break down 
the organic materials, giving off minerals that plants need to absorb from the ground in order 
to grow. Today, many people use this process to recycle garbage and turn it into compost. 

This potato is infected by a disease caused by a 
single- celled creature.

This compost manure is made of garbage with 
the help of single- celled creatures.
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Putting the compost into gardens returns nutrients to the soil and keeps the garbage used 
in the compost out of landfills.

In the IQWST LS1 unit, you learned about interactions between organisms. You learned 
about one type of organism preying on another or about two kinds of organisms competing 
for the same resources, such as food or living space. With single- celled organisms, we see 
another kind of relationship. These organisms are called decomposers. Their role in helping 
dead plants and animals to decay and naturally recycling their nutrients back into the soil is 
essential in ecosystems.

What Are the Differences between the Cells in Me and Single- Celled Organisms?
In this lesson, you saw that you have cells that are in, or on, your body. You looked at skin cells 
and cheek cells and a picture of heart cells. Are these cells like the single- celled organisms?

This can be confusing when learning about cells. We use the same word for the cells in your 
heart as for a single- celled organism like the bacteria you saw. Both are called cells. Are there 
any differences?

List the important characteristics of organisms that are true of a single- celled organism.

Which of these characteristics do you think a cell that is part of the human body has?
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The important differences are all connected to what it means to be an organism. As we will see 
in the next several lessons, cells in your body do a number of things that organisms do. But 
there is one thing they cannot do—they cannot be a living thing on their own. They cannot 
get what they need unless they are part of a larger organism. A single- celled bacterium 
can get energy from food, grow, reproduce, and get rid of waste, all by interacting with its 
environment. The cells in your body need the other parts of the body to stay alive.
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INTRODUCING THE SCIENTIFIC PRINCIPLES LISTINTRODUCING THE SCIENTIFIC PRINCIPLES LIST

Your teacher will provide you with instructions for this page.
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L�ÝÝÊÄ 3

Am I a System?

ACTIVITY 3.1 ͵ DISSECTING A SIMPLE SYSTEMACTIVITY 3.1 ͵ DISSECTING A SIMPLE SYSTEM

What Will We Do?
We will determine if a pen is a system.

 1. What function does a pen perform?

 2. Your class developed a working definition of a system. Write that definition.

Part 1
Procedure
 1. Dissect your pen by taking out each part and putting it on the table. Do not force any part.

 2. Identify each part of the pen and list it in the first column of the following chart. If you 
do not know the name of the part, make a describing name for it.

 3. In column 2, describe the function of each pen part you listed in column 1.

PartPart FunctionFunction GroupGroup
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PEN

On these lines, write the names of the four subsystems you 
identified in Question 4.

On these lines, write the parts of each subsystem.

 4. Examine the parts (structures) and the functions they perform.

  A.  Which part or parts hold the inside of the pen together? Place a #1 after each of 
those parts in the third column in the previous chart.

  B.  Which part or parts of the pen make marks on the paper? Place a #2 after those parts.

  C.  Which part or parts keep your hands from getting messy? Place a #3 after those 
parts.

  D.  Which part or parts make the ballpoint tip go in and out? Place a #4 after those parts.

Part 2
A System Diagram
Use a diagram to help understand how the parts of a system and its subsystems are connected. 
Follow the directions to create a diagram of the pen. Use the chart you created in Part 1 to 
complete the diagram.

The system name is on the top line. This system is a pen. On the lines below each subsystem, 
write the parts for each subsystem. (You may not need all the lines.)
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Making Sense
Look at the definition that your class developed for system. Based on this definition, is the 
pen a system? Explain your answer.
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    Reading 3.1 – Systems, Systems, and More Systems

Getting Ready
If you live in a big city or have ever visited one, you know something about public transportation 
systems. Buses, trains, and subways are all part of the system that people can use to get 
around the city. Your school is part of a school system that is made up of several schools, 
maybe a bus garage, and an administration building. And you probably know about the solar 
system, which contains Earth as one of its planets. Why are all these different things called 
systems?

Do you think a microwave oven or notebooks are systems? Why?

Scientists often look at systems and their parts in order to understand how they work. In this 
reading, you will learn more about what makes something a system.

What Makes a System a System?
In class, you looked at a retractable pen and decided it was a system. 
You determined that a system is a combination of parts that are related 
and interact with one another. In an object like a pen, in which all the 
parts interact, the parts work together to perform a particular function. 
The parts of the pen interact to perform the function of writing. 
Another thing to notice is that some interactions may involve inputs 
and outputs. With the pen, you notice that ink moved from the ink 
holder, through the point, and onto the paper. Then, the ink became 
an output from the point onto the paper.
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In a transportation system, there are many objects that interact with one another. Buses 
interact with roads and bus stations. Trains interact with train stations, train tracks, and 
platforms. What is important in both the pen and transportations systems is that they each 
contain a collection of parts that interact with one another.

Here is another example. Does an entertainment system 
fit the definition of a system? Different people have 
different parts to their entertainment systems. Many 
entertainment systems have at least a television and a 
DVD player. Sometimes it also includes a cable box or 
video- game player and speakers.

What are some of the interactions between the parts 
of an entertainment system? Complete the following 
table. Write the inputs and outputs for each of the parts. 
The first two rows have been filled in for you. Add the 
rest of the parts and their inputs and outputs.

PartPart InputInput OutputOutput

Television Television program from 
cable box or satellite 

Shows program on screen 

Sound system CD or television sound Plays sound from CD or TV

DVD

Video game player

Cable or satellite dish

Other Systems
If you have studied previous IQWST units IC2 and PS2, you have seen the idea of a system 
before. These definitions of systems were about mass and energy. In physical science, you 
learned that a system is a collection of objects where energy is conserved. In chemistry, 
you talked about a closed system that contained substances that were interacting where 
mass and energy were conserved. You also investigated open systems where mass was not 
conserved because it went outside the system. In a closed system, substances are interacting 
and mass and energy are conserved. In open systems, energy is not conserved.

In all these examples, systems are collections of objects that all interact. Figuring out how 
a system behaves means following through on how each part interacts with the others. You 
can also trace the inputs and outputs. In physical science and chemistry, you could trace the 
energy and the mass. In this unit, you will learn about biological systems. The inputs will be 
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things like sugars in food and gases in air. The outputs will be things like transferring energy 
from your foot to a ball.

Can the Parts of a System Also Be a System?
A system is a combination of parts that interact. This definition could also fit many of the parts 
of the entertainment system. A DVD player is made up of many specialized parts. Each part 
interacts so that the DVD will play. This is also true for the stereo and the television. The DVD, 
stereo, and television are called subsystems. A subsystem is a collection of interacting parts 
that is itself a part of a larger system.

In class, you identified the subsystems of a pen. Write them below.

Another example of a system with subsystems is our solar system. Our solar system is made up 
of the sun and the bodies that move around it in space. The solar system includes the sun, eight 
planets and their moons, and several dwarf planets, including Pluto. (Pluto was considered a 
planet until 2006.) The entire solar system is a system. The planets interact with the sun, revolving 
around it, but parts of the solar system are also systems. For example, the planet Saturn can 
be seen as its own system. Saturn has a collection of rings 
that orbit around it. It also has 60 moons that move around it 
as well. Together Saturn, its rings, and its moons make up a 
system. That system is a subsystem of the solar system.

Why Is an Ecosystem Called a System?
In the IQWST LS1 unit, you may have studied ecosystems. 
But what makes it a system? Even though an ecosystem 
and a pen may seem very different, they are both systems. 
They both are made up of parts that interact. To analyze a 
pen or an ecosystem, you have to figure out what the parts 
are, how they interact, and what kinds of inputs and outputs 
connect the parts. The interactions in an ecosystem are 
harder to figure out than the ones in a pen. This is because 
an ecosystem is not a physical object that you can touch 
or use. It is a community of plants and animals that live in 
a certain geographic location and interact with each other 
and the environment in order to survive.

Each organism in the ecosystem plays a particular role. It 
is a part of the system and has a specific function, just like the parts in the pen you looked 
at in class. The role is determined by the organisms it interacts with and how it affects those 
organisms. For example, organisms that make their own food (plants) are called producers. 
They interact with the abiotic parts of the ecosystem, such as gases in the air. They take in 
carbon dioxide and release oxygen into the air. Consumers are organisms that eat plants. They 
interact with those organisms by eating them. Consumers sometimes eat other consumers. 
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Some organisms, called decomposers, break down dead or decaying organisms and return 
nutrients to the soil.

Complete the following table. Define what each type of organism is. In the last column, tell 
how it interacts with other parts of the ecosystem.

Type of Type of 
OrganismOrganism DefinitionDefinition InteractionsInteractions

Producer

Consumer

Decomposer

You have read about different kinds of systems. In the last activity, you took apart a simple 
system—a pen. In class, you came up with a definition of a system. Think about what you 
know about the human body. Do you think the body is a system? Why?
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ACTIVITY 3.2 ͵ AM I A SYSTEM?ACTIVITY 3.2 ͵ AM I A SYSTEM?

Your teacher will provide you with instructions for this page.
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L�ÝÝÊÄ 4

What Is Breaking Food Down Inside Me?

ACTIVITY 4.1 ͵ LAB: GRIND, SLUSH, AND DOWNACTIVITY 4.1 ͵ LAB: GRIND, SLUSH, AND DOWN

What Will We Do?
We will investigate how the organs (teeth, tongue, and salivary glands) of the digestive 
system begin the breakdown of food in the body.

Procedure
Part 1
Observe and Predict

 1. Gently rub your tongue along the bottom of your top row of teeth. What do you 
notice about the size and/or shape of your teeth?

 2. Gently rub your tongue along the top of your bottom row of teeth. Compare this row 
of teeth to the top row.

 3. Why do you think your teeth have two different structures?

Part 2
Investigation #1

Your teacher will give you two saltine crackers. In the first investigation, you will carefully 
observe how the digestive organs, teeth, and tongue function as you chew one cracker. 
When your teacher gives you the signal, take a bite out of one cracker. On the next signal, 
chew the cracker. On the last signal, swallow the cracker.
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 1. Which teeth did you use to bite into the cracker?

 2. When you were chewing, which teeth did you use?

 3. What function did each type of teeth perform?

 4. How did your tongue function to help break down the food?

Part 2
Investigation #2

You are now going to eat the second cracker. This time, focus your observations on the taste 
of the cracker when you first begin to chew it. Your teacher will signal you to take a bite of 
the cracker. You will chew the cracker for two minutes. DO NOT SWALLOW. Keep chewing 
until your teacher gives you the signal to stop. Then record how the taste of the cracker has 
changed. Your teacher will signal to you when to swallow.

 1. What did the cracker taste like when you first put it in your mouth (salty, sweet, sour, 
and so on)?

 2. After chewing the cracker for two minutes, did the taste change? If it did, how was the 
taste different?

 3. Why do you think there was a taste change?
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ACTIVITY 4.2  ITSIER, BITSIER FOODSTUFFACTIVITY 4.2  ITSIER, BITSIER FOODSTUFF

Food is made up of carbohydrates, protein, and fats. In the previous activity, you observed 
how your teeth and tongue started the mechanical breakdown of food. Saliva in your 
mouth began the chemical breakdown of carbohydrates. Protein breakdown begins in the 
stomach. However, in the classroom, you cannot look into your stomach, so we will create an 
environment that is similar to your stomach.

What Will We Do?
We will figure out what affects the digestion of protein in the stomach.

!   Safety

 • Wear goggles when working with chemicals.

 • Hydrochloric acid (HCl) is very strong. Do not get it on your clothing or skin.

Procedure
 1. Mark Beaker 1 with a “C”.

 2. Weigh the egg white (protein) cube and then place it in the “C” beaker.

 3. Add 20mL of water plus 12–20 more drops of water to the “C” beaker. This beaker is 
the control and contains only water. Swirl the water and egg in the beaker.

 4. Mark Beaker 2 with an “S”. This beaker will contain the acid and pepsin found in your 
stomach.

 5. Weigh the egg white (protein) cube and then place it in the “S” beaker. Add 20mL of 
the 2.5% pepsin solution to this beaker.

 6. Add 12–20 drops of HCl. Swirl this beaker and place it with the other.

 7. Observe the eggs in both beakers. Weigh the eggs after one day and record your 
observations in the chart for Day 1. Swirl both beakers again.

 8. Allow the egg cubes to stay in the solutions until the next class period.

 9. During the next class period, weigh both eggs again. Record your observations in the 
data chart. Compare the egg cubes in the stomach solution to the control egg cube 
in water. How has the egg cube changed?
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Data

EnvironmentEnvironment
Day 1Day 1 Day 2Day 2

Change in Change in 
MassMass

Observations
Initial 
Mass Observations

Mass 
at End

WaterWater

Stomach Stomach 
(pepsin and (pepsin and 
acid)acid)

Making Sense
 1. What happens to protein in the stomach- like environment?

 2. How do you think this is similar to what happens in your stomach?
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ACTIVITY 4.3  FOOD’S JOURNEY CONTINUESACTIVITY 4.3  FOOD’S JOURNEY CONTINUES

Your teacher will provide you with instructions for this page.



40 WHAT IS GOING ON INSIDE ME? 

ACTIVITY 4.4 ͵ WHAT HAPPENS TO THE FOOD ACTIVITY 4.4 ͵ WHAT HAPPENS TO THE FOOD 
MOLECULES IN THE SMALL INTESTINE?MOLECULES IN THE SMALL INTESTINE?

What Will We Do?
We will investigate how the structure of the small intestine helps complete the function of the 
digestive system.

Procedure
 1. Your teacher will distribute two strips of filter paper (3cm × 25cm and 3cm × 6cm). 

Place them in front of you.

 2. Leave the smaller piece of paper on the desk. Pick up the larger of the two strips and 
fold it in accordion pleats across the entire length of the strip. Press the folds together 
tightly.

 3. Lay the folded strip on top of the 
straight strip on the desk. What do you 
observe?

   A.  Which paper was bigger?

   B.  Which takes up more space on the desk?

   C.  Which has more surface area?

 4. Get a vial and draw a line about 2cm below the top of the cup with a marker.

 5. Fill the vial to the line with water. The water will represent the food molecules.

 6. Take the unfolded filter paper and place it in the water. Leave it in until it is saturated 
with water.

 7. Use forceps to remove the strip from the water and throw it away.

 8. With a red marker, mark the level that the water is at now.

 9. Refill the vial to the black line.

 10. Place the folded paper in the water until it becomes saturated.
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 11. Remove the paper and throw it away.

 12. With a blue marker, mark the level of the water.

 13. Which piece of paper absorbed a greater amount of the water?

Making Sense
 1. What do the folds on the one strip of paper represent?

 2. If the function of the small intestine is to absorb food molecules, how do these 
structures help absorb food?
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    Reading 4.4 – Out with the Bad, In with the Good!

Getting Ready
Earlier you learned that there are many kinds of single- celled creatures in our everyday 
environment. Some of them are even in our food, as you saw when you found bacteria in 
yogurt. What effect do you think these organisms might have on the systems of the human 
body?

How do you think bacteria in your food may affect your body?

Bacteria in Our Bodies?
In today’s lesson, you learned about how food is broken down as it goes through the digestive 
system. Food is broken down physically, by grinding it up, and chemically, through chemical 
reactions that break it down into smaller molecules, such as sugars. Would you be surprised 
to know that you are also getting some help from a source you may not expect?

In Lesson 2, you saw that there are single cells, 
called bacteria, in yogurt. If you read the label on 
some yogurt containers, you can find the term “live 
cultures.” The label live cultures actually means the 
yogurt contains living bacteria. You can imagine 
why the yogurt company does not say, “This yogurt 
contains living bacteria” on the label, since many 
people think of bacteria as something bad—as 
germs that make us sick. The strands are the “friendly” bacteria found 

in yogurt.
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The bacteria in the yogurt are good bacteria. They actually turn the milk into yogurt. The 
bacteria react with the milk in a process called fermentation. Fermentation changes the milk 
by making it thicker and more acidic and giving it a less sweet taste.

The bacteria in the yogurt are like other bacteria already in our bodies. In fact, many helpful 
kinds of bacteria are found in the digestive system, especially in the intestines, where they 
help the process of digestion. The bacteria help break down some of the carbohydrates in 
food into simple sugars.

Getting Rid of the Unhelpful Bacteria
Of course, not all bacteria are helpful. As you learned 
in Lesson 2, some bacteria in our environment can 
make us sick. For example, the sickness commonly 
called strep throat is caused by infection from 
bacteria (the Streptococcus bacteria). Other diseases 
such as tetanus, typhoid fever, food poisoning, and 
tuberculosis are each caused by a different type of 
bacteria.

If you have ever had strep throat, the doctor probably 
gave you some medicine to take called an antibiotic. 
This is a type of drug that kills harmful bacteria. But the drug is not very fussy about the 
bacteria that it kills. What happens to the good bacteria in our digestive system? Well, the 
antibiotic kills them, too. And that sometimes can cause digestive problems, like indigestion 
or diarrhea, for people taking antibiotics.

This is why doctors recommend that when you take antibiotics, you also eat yogurt with live 
cultures. The bacteria in the yogurt helps replenish the helpful bacteria that normally live in 
your digestive system but are killed by the antibiotic. The bacteria from the yogurt enter the 
digestive system and start to grow in numbers until they reach their normal levels.

The next time you eat yogurt, think about the fact that you are adding some helpful friends 
to your body.
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L�ÝÝÊÄ 5

How Does Food Move in My Body?

ACTIVITY 5.1 ͵ CAN FOOD MOLECULES MOVE THROUGH MY BODY?ACTIVITY 5.1 ͵ CAN FOOD MOLECULES MOVE THROUGH MY BODY?

Your teacher will provide you with instructions for this page.
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ACTIVITY 5.2 ͵ CAN WATER MOVE INTO THE CELL?ACTIVITY 5.2 ͵ CAN WATER MOVE INTO THE CELL?

What Will We Do?
We will investigate how water moves into a cell.

In this activity, you will investigate a special kind of diffusion called osmosis. In chemistry you 
learned that diffusion was the movement of molecules from higher concentration to lower 
concentration. Osmosis is the process that moves water molecules from higher concentration 
to lower concentration across a membrane.

Procedure
Part 1

 1. Get the materials for this activity from your teacher.

 2. Prepare the slide.

 •  You have been given a fl eshy leaf from a 
red onion. Bend the piece of onion skin 
against the curve until it snaps.

 •  With your forceps or a toothpick, carefully 
peel a thin layer of the onion’s outer layer, 
the epidermis, from the red surface of the 
onion. Try to touch as little of the tissue as 
possible.

 •  Lay the tissue across the slide as you are 
pulling the epidermis away from the onion, 
and cut it off where it lays over the edge 
of the slide. The tissue will look like pink 
cellophane. The tissue that you have on 
your slide is only one cell thick.

 •  Add three drops of distilled water on top 
of the onion tissue. Use your forceps or 
toothpick to try to keep the tissue from 
wrinkling. You most likely cannot get it 
completely smooth, but you will need to 
have some area of the red tissue that is 
unwrinkled.
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 3. Place one edge of the cover slip on the 
slide and lean the cover slip at a 45° angle 
over the sample where you added the 
drops of water. Refer to the illustration.

 4. Keep the edge of the cover slip on the 
slide and let it fall gently over the water 
and the onion sample. Check to make 
sure there are no air bubbles under the 
cover slip. You want there to be a tight 
seal with as few air bubbles as possible.

 5. Place the sample on the microscope and 
observe it under the lowest power (10×). 
Use the coarse focus to find the cells and 
then the fine focus to make them clearer. 
Begin with a low light. The onion cells you 
are observing are in a very thin layer, and 
less light will make them easier to see. 
Add more light if you are having difficulty 
seeing the cells. Draw what you see.

Your teacher may ask you to stop at this point and 
clean up your lab area. If that happens, you will 
begin your next class period by making another 
onion skin slide and beginning at Step 6.

Part 2

 6. Prepare another wet mount of the onion 
skin as you did previously.

 7. Using the pipette, place two drops of salt 
solution on one side of the cover slip.

 8. Place the edge of a small piece of paper 
towel on the side of the cover slip that is 
opposite where you placed the salt solution. 
This will pull the water and the salt solution 
across the onion sample. The cells of the 
onion skin will be surrounded with salt 
solution. Refer to the following diagram.

 9. Make sure the solution has had time to 
diffuse under the cover slip. Through the 
microscope, look at the slide of the two 
circles. Draw what you see in the circle on 
the left.

Sample
Slide

Cover Slip
Water Drop

10% Salt solution

Pipette/medicine 
dropper

Paper towel

Onion sample Slide and slide cover



48 WHAT IS GOING ON INSIDE ME? 

 10. Replace the salt solution with distilled water. Use a clean pipette and drop four or five 
drops of distilled water on one side of the cover slip.

 11. Place the edge of a dry piece of paper towel on the side of the cover slip opposite 
the distilled water to move the water across the onion sample.

 12. Make sure the water has time to diffuse under the cover slip. The onion cells are now 
surrounded by distilled water. Look at the slide through the microscope. Draw what 
you see in the circle on the right.

Results
Describe any difference between the cells in the salt solution and the cells in the distilled 
water.

Part 3
Draw a model that shows what you think is happening to the salt and water molecules in order 
to make the cell change size. Be sure to include both water molecules and salt molecules in 
your model. Use arrows to show the direction of the movement.

Inside Cell Outside Cell

Water

Salt

Membrane
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    Reading 5.2 – The Ins and Outs of Osmosis

Getting Ready
Have you ever heard about people who were stranded in a lifeboat or on an island, waiting 
to be rescued? Some of the stories are about people who almost died because they did not 
have water to drink. That may seem really strange. When people are surrounded by water, 
how can it be possible that they have no water to drink? The fact is that people cannot drink 
seawater.

Why Do You Think People Cannot Drink Seawater?

In class, you observed changes in an onion cell as water moved in and out of it. You learned 
that this process is called osmosis. Osmosis is a type of diffusion. Osmosis happens when 
water molecules move through a membrane based on where there are more molecules of 
water. In diffusion, any type of molecule can move and there is no membrane. Diffusion is 
what you may have observed in the IQWST IC1 unit when the odors moved across the room.

When the onion cell was surrounded by salt water, the solution outside the cell contained 
fewer water molecules than inside the cell. The water molecules inside the cell moved from 
the inside to the outside across the cell membrane. This loss of water made the onion cell get 
smaller or shrink.

When you put distilled water outside the 
cell, there was more water outside the cell, 
and the water molecules moved into the 
cell. You were able to tell which way the water 
was moving because when the water left the 
cell, the cell got smaller and shriveled. When 
the water moved back into the cell, the cell 
filled up again.

What Other Ways Do People Use What 
They Know about Osmosis?
Although people in ancient times never 
heard of osmosis, they used osmosis to 
preserve food. People needed a way to 
preserve food long before refrigerators 
were invented. If they could not hunt or 
pick fresh vegetables, like in the winter, they needed other sources of food. Dried food 
was essential. People used the principle of osmosis to dry meat and vegetables. They 
discovered that if they covered food with salt, the process of osmosis caused the water to 
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leave the cells. Eventually, the food was dry. Dried food could 
be stored for long periods of time.

There was another benefit to salting and drying the food. If there 
were any bacteria on the food, osmosis would draw the water out 
of the bacteria, and they would die. This meant that people did 
not have to worry about getting sick from eating the dried food. 
Today, the process of salting and drying is still used to produce 
foods such as country ham and beef jerky.

Osmosis is also used to make pickles. Pickles are made from 
cucumbers that are soaked in a salty solution for weeks. During 
this time, osmosis is in action. It takes some of the water out of the 
cucumber. That is what gives pickles their “crunch,” but the salty 

water also helps in another way. It kills harmful bacteria that might be in with the cucumbers. 
Not all bacteria are harmful, and and some of them like a salty environment. These bacteria 
produce an acid that changes the cucumbers’ taste and helps to turn them into pickles.

The Salt Mummy
Almost 2,000 years ago in Iran, a 35- year- old man woke up, 
put on his leather shoes and woolen coat, took his tools, 
and began his everyday routine working in a salt mine. He 
probably had no idea that this would be the last day of his 
life. Even if he did realize that the mine could be dangerous, 
there is no way he could have known that the mine would be 
his burial place. It also would preserve his body for almost 
2,000 years. But that is exactly what happened. He was killed 
in the mine that day and because of all of the salt, his body was 
preserved. It became a natural mummy. It was discovered in 
1993 and called the “Salt Mummy.” It was so well preserved 
that its hair, beard, and clothes were still intact.

Scientists were able to learn a lot about the culture and 
people of that time. If you are interested in learning more 
about the Salt Mummy, try typing those words into a search 
engine to find a short video to share with the class.

Thinking More about Seawater
Look back at the question at the beginning of this reading. Now that you have read more 
about osmosis, why do you think people cannot survive by drinking the seawater?
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ACTIVITY 5.3  CAN FOOD MOVE INTO THE CELL?ACTIVITY 5.3  CAN FOOD MOVE INTO THE CELL?

What Will We Do?
We will design an investigation to see if sugar and starch can move into and out of a cell.

!   Safety

 • Be sure to wear goggles when using the Benedict’s solution and iodine and when 
working with the hot-water bath.

 • Handle the iodine solution carefully. It will stain your hands, clothes, and the lab 
tables.

 • Be careful when placing test tubes in the hot- water bath.

Procedure
Part 1 Investigation Design and Setup

 1. Choose one of the following ideas to investigate:

   A.  Molecules move across a membrane into a cell.

  B.  Molecules move across a membrane out of a cell.

 2. Your teacher demonstrated for you how to make your cell model. Now you need to 
decide how you will design your investigation. The following chart lists the materials 
you can use for each part of the model.

Structure/SubstanceStructure/Substance Material Used in the Material Used in the 
Physical Model Physical Model Amount NeededAmount Needed

Cell membrane Dialysis tubing that has been 
soaking

One soaked piece: 2.5cm 
(1in) diameter, 15cm (~6in) 
long; 12cm of dental floss 
per group (two 6cm pieces)

Cell environment (what is 
outside the cell)

Large test tube or beaker 
containing one of three 
components

One test tube or beaker

Components • starch solution
• glucose solution
• distilled water

About 15mL of the 
solutions/substances you 
are going to test
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 3. First, your group needs to decide on your hypothesis. Which substance’s molecules 
can move through the membrane and in what direction do they move? Complete the 
next section for your hypothesis and then draw a diagram of your model.

Hypothesis

We think that  

If  

Then 

Reasoning  

Experiment Diagram

Draw a diagram of your experimental setup here. Be sure to label all of the parts.

 4. After you have created your cell model design, use the dialysis tubing and two pieces 
of dental floss to construct your cell.

  A.  Open the tubing so that the sides are not touching. If you are having trouble 
getting the tubing open, try rubbing it between two fi ngers.

  B. Fold over one end of the tubing about 2.5cm.

  C.  Tie the dental fl oss around the folded end of the tubing.
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 5. Place one substance inside of your cell (dialysis tubing). Leave enough room so that 
you can tie off the top end of the tube.

 6. Tie off the top end of the tube.

 7. Rinse the outside of the tubing. Make sure that none of the solution you poured into 
your cell has spilled on the outside. This could affect the results of your investigation.

 8. Place the dialysis tubing in the beaker and 
fill it with the cell’s environment.

 9. Place your experimental setup in the area 
that your teacher has indicated. Be sure 
your container is clearly marked with your 
group’s name.

 10. Leave your setup until the next class period.
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Part 2 Results and Analysis of Investigation

To determine the results of your investigation, you will use indicators to figure out the current 
location of the substances. In class, your teacher demonstrated how to use the iodine and 
Benedict’s solution. Be sure to follow your teacher’s instructions for using the hot- water bath 
when testing with the Benedict’s solution.

Complete the second column in the following chart based on how you set up your investigation.

LocationLocation Substance in Substance in 
Original SetupOriginal Setup

INDICATOR RESULTSINDICATOR RESULTS 
Circle yes if indicator results are positive. Circle yes if indicator results are positive. 
Circle no if indicator results are negative.Circle no if indicator results are negative.

Iodine Benedict’s Solution

Cell environment 
(outside cell)

YES NO YES NO

Cell environment 
(inside cell)

YES NO YES NO

Testing the Model

 1. Gather the appropriate materials to complete this procedure. Your teacher will advise 
you as to what is needed.

 2. Clearly label your test tubes inside and outside so that you know where the liquid 
inside of them came from. You should have two test tubes labeled inside and two 
labeled outside.

 3. Carefully remove your dialysis tubing from the beaker and open one end of the tubing.

 4. Using a clean pipette, draw up the substance that is inside the cell. Place 2mL in the 
test tube labeled inside. Add 2mL of Benedict’s solution and put it in the hot- water 
bath. Be sure to follow your teacher’s directions for using the hot- water bath.

 5. Using another clean pipette, draw up the substance that was outside the cell. Place 
2mL in the test tube labeled outside. Add 2mL of Benedict’s solution and place it in 
the hot- water bath.

 6. While the test tubes are in the water bath, add five drops of iodine to the water in the 
dialysis tubing. Record the results on the previous table.

 7. Next, add five drops of iodine to the water in the test tube or beaker where your 
dialysis tubing was. Record the results in the table.

 8. Look at the test tubes and see if there has been any color change. Record the results.

 9. Clean your test tubes and beakers. Follow your teacher’s directions for washing and 
storing the equipment.
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Conclusion
 1. Based on your investigation, did the molecules of either sugar or starch move? In 

which direction?

 2. Now that all the groups have shared their results, what can you conclude about the 
direction of the movement of both of the substances across the membrane in your 
model?

 3. Assume that your physical model predicts what happens in living cells. Draw a model 
that shows what substances can get into the cell. Use arrows to show the direction the 
molecules are moving.
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ACTIVITY 5.4 ͵ CAN CELLS USE SUGAR AS FOOD?ACTIVITY 5.4 ͵ CAN CELLS USE SUGAR AS FOOD?

What Will We Do?
We will conduct an investigation to see what yeast does with sugar.

Prediction
Your teacher showed you a sample of the yeast that you will be using in this investigation. 
Based on what you saw and what you may already know about yeast, what changes do you 
think you might see in the yeast?

Procedure
Day 1
 1. Get materials for this activity from your teacher.

 2. Label each test tube with the numbers 1–4. As you complete each test tube, be sure 
to fill in the second column of the Data Collection/Observation chart.

 3. Fill each test tube following the directions below. For Test Tubes 2–4, after adding the 
materials to the test tube, cover the opening with your finger and shake to mix the 
contents. As soon as the contents are mixed, place a balloon over the top of the test 
tube.

  A. Test Tube #1: Add 10mL of water.

  B. Test Tube #2: Add 10mL of water and 2g of sugar.

  C. Test Tube #3: Add 10mL of water and 1g of yeast.

  D. Test Tube #4: Add 10mL of water, 2g of sugar, and 1g of yeast.

 4. After all test tubes are filled and covered, wait five minutes and then make 
observations about the contents of the test tubes and the balloons. Record those 
observations in the chart. Make sure to record something for every tube, even if you 
do not see any changes.

 5. Wait 10 minutes and check the test tubes again. Record any additional observations 
in the column that says, “15 min.” (That is the total time the materials have been in 
the test tubes.) Be sure to make your observations as detailed and complete as 
possible.
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 6. You will need to wait until tomorrow to make your final observations of the test tubes. 
Your teacher will give you directions about where to store your test tubes until the 
next class period.

 7. Take a small sample of the dry yeast and place it on a slide. Observe the sample 
under the microscope. Describe what you see.

Day 2
 1. Make your final observation of the test tubes. In the last column of the chart, record 

what has happened. Be sure to record something for each tube.

 2. Prepare a slide of a sample of the contents of Test Tubes #3 and #4.

 3. Draw what you see.

 4. When you have completed your drawing, clean the slide, all of the test tubes, and 
other equipment used in this investigation.

Data Collection/Observation

Test TubesTest Tubes Description of Description of 
ConditionsConditions

ObservationsObservations

5 min. 15 min. Next Day

Test Tube #1

Test Tube #2

Test Tube #3

Test Tube #4
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Drawing of Sample from Test Tube #4

Conclusion
 1. Did you observe any changes in the test tubes? Explain what you think caused those 

changes.

 2. How did what you saw under the microscope explain what was going on in the test 
tube?

Making Sense
 1. At the beginning of this investigation, you were asked how the yeast might use the 

sugar. Do you still think the same thing? Do you have any new evidence to support 
your idea?

 2. Explain what the yeast was doing with the sugar. Be sure to use claim, evidence, and 
reasoning.
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L�ÝÝÊÄ 6

The Case of the Missing Oxygen

ACTIVITY 6.1 ͵ “BREATHE IN, BREATHE OUT . . .”ACTIVITY 6.1 ͵ “BREATHE IN, BREATHE OUT . . .”

What Will We Do?
We will see what is entering and leaving the body when we breathe.

Lab 1
What comes out?

Procedure
In this activity, you will be able to see if the air (gas) our bodies breathe out contains carbon 
dioxide (CO2). Each of you has a small container of water. Using the bromothymol blue 
solution (BTB), add five drops of BTB to your water.

 1. Observe the color of the solution and record it below. This is what happens when BTB 
is in the presence of room air.

 2. Gently blow through the straw into the container of water and BTB for about 30 seconds.

DO NOT SUCK ANY OF THE SOLUTION INTO YOUR MOUTH.

 3. Observe the color of the solution after blowing into it.

 4. Write a conclusion based on the evidence for this experiment.

Data and Conclusion
 1. Color of BTB in room air:  

Color of BTB in exhaled air:  

 2. Did all of the members of your group show a color change when they did the 
experiment? (Circle one.)

YES  NO
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 3. BTB is an indicator that reacts with CO2. Based on the data that you collected in this 
experiment, write a conclusion to the question Does your body breathe out CO2? 
State your conclusion clearly, and include the evidence from your experiment that 
supports it.

Lab 2
Is there less oxygen coming out of us than went in?

Your teacher told you that the normal air you inhale contains about 21% oxygen (O2). Does 
the same amount of O2 leave your body when you exhale?  

If there is a fire, there must be three things present.

 1. Fuel—This is something that will burn.

 2. Heat source—This is something that ignites to release heat energy.

 3. Oxygen—Oxygen reacts with the fuel to cause burning.

Predictions
Record the amount of time that you think the candle will burn for each one of the environments 
in the demonstration experiment.

 A. in the room air that you breathe in  

 B. in the room air that is captured in the beaker  

 C. in the exhaled air that is captured in the beaker  
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Class Experiment
Record the amount of time that the candle burned for each environment in the demonstration 
experiment in the following table.

Type of GasType of Gas Burn TimeBurn Time

Inhaled air (the air we breathe in) 
without beaker

Inhaled air (the air we breathe in) 
inside beaker

Exhaled air (the air we breathe out) 
inside beaker

 1. From the first step in the demonstration, what do you understand about the 
relationship between fire and oxygen?

 2. How did the environment change in the second step of the demonstration?

 3. What happened when the environment was changed?

 4. How did the environment change in the third step of the demonstration?

 5. What happened when the environment was changed this time?

 6. Did this class experiment provide you with evidence that there is less oxygen coming 
out of us than going in? Be sure to support your answer with evidence.
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ACTIVITY 6.2 ͵ INSPECTOR BIO: ACTIVITY 6.2 ͵ INSPECTOR BIO: 
WHAT HAPPENED TO THE OXYGEN AND WHY?WHAT HAPPENED TO THE OXYGEN AND WHY?

What Will We Do?
We will determine where the oxygen goes in the body.

Procedure
In this activity, you will follow an oxygen molecule as it moves through the major organs of 
the respiratory system.

Procedure
 1. Your teacher will explain the path the oxygen molecule takes through the respiratory 

system.

 2. On the diagram, use arrows to show how the O2 moves through the respiratory 
system.

 3. When you finish, place a star where your O2 molecule ended up in the respiratory 
system.

 4. Answer the questions, and try to figure out where the oxygen goes.
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Human Respiratory System
Inspector Bio Reasons
“Hmmm, your molecule of O2 ended up in the alveoli. But none of the O2 has been used for 
anything. Something must happen to it after it diffuses out of the respiratory system. Where 
does it go?”

Make a prediction about where the O2 molecules go after they diffuse through the alveoli. 
Before you make your prediction, think about the following questions:

 1. What parts of the body do you think need the oxygen?

 2. The oxygen must move somewhere in the body. Is there anything you have learned 
about that can transport molecules to other subsystems in the body?

 3. Predict where you think the oxygen goes after it leaves the alveoli. State your reasons 
for making this prediction.
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ACTIVITY 6.3 ͵ WHAT IS THE MOTIVE?ACTIVITY 6.3 ͵ WHAT IS THE MOTIVE?

What Will We Do?
We will investigate the motive for why the oxygen disappears from the body.

!   Safety

In this lab, you will be using an open flame. Take the following precautions.

 • Make sure you have no loose clothing that will be near the flame.

 • Tie back long hair.

 • Do not jar or disturb the equipment, table, and so on that contain the flame.

Procedure
 1. Get the materials required to complete this activity from your teacher.

 2. Decide who in the group will be in charge of the food source, match, and 
thermometer.

 3. Measure 25mL of water into your beaker.

 4. Measure the temperature of the water and record it on the data table.

 5. Make sure the beaker is stable on the ring stand.

 6. Place the food source into the watch glass.

 7. Carefully light the food source.

 8. Slide the watch glass beneath the beaker until the food source is completely burned. 
The watch glass with the burning food source should be as close to the beaker as 
possible without touching it.

 9. Measure and record the temperature of the water in the beaker as soon as the food 
source is burned.

 10. Subtract the beginning temperature from the final temperature. Record the 
temperature difference on your data table.

 11. Place your data on row 1 of the data table. Copy the results from the other groups in 
the following rows.
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Class Data Table

GroupGroup
Water Temperature (°C)Water Temperature (°C)

Beginning After Burning Temperature Change

1

2

3

4

5

6

Conclusion
 1. Did all the groups have data similar to your group’s data?

 2. Based on the class data, what happened to the temperature of the water?

 3. What makes the water temperature increase?

 4. Where does the energy that heated the water come from?

 5. What did oxygen have to do with heating the water?
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Solving the Mystery
Inspector Bio wants to know what you have figured out about the oxygen that is missing 
from the air you exhale. Explain to him where the oxygen goes, what uses it, and why. Write 
a scientific explanation with a claim, sufficient evidence, and reasoning.
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    Reading 6.3 – Aahhh-Chooo! Cough-Cough! Whh-e EEez!

Getting Ready
Imagine that your classroom is silent. Everyone is concentrating 
on a big test. Suddenly, you feel a tickle in your nose. You try to 
stop it, because you know it will be loud. You also know it might 
be messy. When you finally sneeze, you might get a wet sleeve or 
a disgusting handful of stuff. What makes a person sneeze? Why 
are sneezes such a mess sometimes?

Sneezing
In class you solved the Case of the Missing Oxygen. You learned that the air you take in 
through your nose and mouth then goes through the pharynx and travels down your trachea 
(windpipe) and into the bronchial tubes that take it to the alveoli in your lungs. In your lungs, 
oxygen diffuses into the capillary network so it can be moved throughout your body. You 
discovered that cells get oxygen from the circulatory system. In the cells, oxygen reacts 
with sugar molecules to release energy, carbon dioxide, and water. Capillaries then take 
the carbon dioxide back into the alveoli. The whole process goes in reverse through the 
respiratory system, and you breathe out the air.

Somewhere in this process, a sneeze can happen. Why do you sneeze? That big gush of air 
is a way that your body protects itself. Your nose acts as a filter for dust, pet hair, and harmful 
bacteria that you inhale. Sneezes blow these things back out of your body.
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Your nose contains cilia. Cilia are microscopic hairs that move back and forth through 
mucus. Mucus is a thick, slippery substance. When irritants enter your upper airways 
through the nose, the mucus traps them. The cilia then move the mucus, along with the 
irritants, to the back of the pharynx. There, you will either swallow, spit, blow, or sneeze 
it out. As irritants build up, your body reaches a point when subsystems work together to 
get rid of unwanted stuff.

Muscles around your chest start to squeeze the lungs. Other muscles work together to push 
the unwanted material out of your airways. The air in your lungs continues to be pushed 
together by the chest muscles. The pressure builds. It is a little like what happens in a balloon. 
The walls of a balloon push the air inside it just like muscles push against the air in your lungs. 
When you let go of the end of a balloon, the air gushes out. The air in your lungs, like the air 
in the balloon, is forcefully pushed out of your body. Believe it or not, the air is pushed out 
at a speed of about a hundred miles an hour! The air takes irritants with it as well as some of 
the mucus and water.

That is what makes up a sneeze.

Based on what you read, why do you think it is better to sneeze than to stop a sneeze?

Coughing
Sometimes, coughing is another body reaction that you cannot control. What is going on 
inside you when you cough? Like a sneeze, a cough gets rid of irritants from your body’s 
airways. But in the case of coughing, the irritation starts in the lower airways of your body. As 
irritants build up in your lungs, your lungs begin to produce mucus to trap them. You take in 
a breath of air and the area around your voice box closes. Your diaphragm relaxes and your 
lungs fill with air. Then muscles around your chest start to contract as they do in sneezing. The 
bronchial tubes start to contract, making the passages narrower. This increases the speed 
of the air being pushed up from the lungs. All of a sudden, the area around your voice box 
opens up and all of the air and mucus with the irritants comes forcefully out. You cough.

Why do you think it is better to cough or sneeze into your sleeve rather than into your hand?
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Asthma
Do you know someone with asthma? Asthma is one type of lung disorder. Everyone coughs 
and sneezes, but only some people have asthma. People with asthma spend most of their 
time breathing normally. But sometimes, they suddenly begin to cough, wheeze, or gasp to 
try to take in more air.

During an asthma attack, mucus blocks the lung passages. When that happens, the passages 
swell, and lung muscles squeeze on the airways. Breathing becomes difficult. Many asthma 
attacks are triggered by pets or other allergens. Some people sneeze or get a drippy nose 
when they come in contact with things they are allergic to. But people with asthma have a 
much stronger reaction. In some cases, they end up in the hospital. Some asthma attacks 
are triggered by activity, like running on a basketball court. In fact, asthma attacks can be 
triggered by exercise, cigarette smoke, perfume, cooking odors, or allergies.

Scientists are working to figure out whether allergies are what cause asthma. Determining 
what causes it might lead researchers to find ways to prevent it. Until they find a way to 
prevent asthma, or find a cure, scientists keep working on ways to help people who have 
asthma. You may have seen someone use an inhaler. Medicines in the inhaler help by relaxing 
the muscles that squeeze the lungs.

Making Sense
 1. People with asthma often make a wheezing sound when they are exhaling. Based on 

your understanding of asthma and the respiratory system, what would cause the 
wheezing sound?

 2. Asthma narrows the bronchial passages so people take in less air than normal. In 
addition to coughing and wheezing, what other problems can a lower oxygen intake 
cause in a person’s body?

 3. Look at the answer you gave to the question at the beginning of this reading. How 
does that answer compare with what you know now about why we sneeze?
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L�ÝÝÊÄ 7

Growth and Repair

ACTIVITY 7.1 ͵ WHAT IS INSIDE A BONE?ACTIVITY 7.1 ͵ WHAT IS INSIDE A BONE?

What Will We Do?
We will investigate bone structures to understand how bones are able to grow and repair 
themselves.

Prediction
What do you think the inside of a bone looks like?

!   Safety

 • Be sure to wear disposable gloves when handling the bones.

 • Be careful when using the forceps and probes.

Procedure
 1. Your teacher will give your group one bone sample.

 2. Write a description of what you see and draw a picture of the bone in the space 
provided. Be as accurate and detailed as possible.
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Making Sense
 1. How many different structures were you able to see in the bone? What do you think 

their functions are?

 2. Go back to your prediction. How was the bone you looked at different from what you 
thought at the beginning of this activity?

 3. What questions do you still have about what you saw inside the bone?
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    Reading 7.1 – What Is My Skeleton Made Of?

Getting Ready
You have probably seen skeletons hanging in stores or on houses for Halloween. Maybe you 
have a skeleton in your science classroom, but have you ever thought about what makes up 
the bones that form your skeleton? Do you think that bones are made of cells like other parts 
of your body? Do you think that bones are living? What evidence would you look for to show 
you that they are alive?

In class, you made a list of all the things your skeleton does for your body. You also looked at 
a piece of bone from the leg of an animal. You saw that the bone was not solid. There were 
different kinds of material on the outside and inside of the bone. Not all the material inside 
the bone was the same. In this reading, you will learn about the different materials that make 
up the bone. As you read, see if you can find the answer to the question of whether bones 
are living.

How Do We Grow?
When you were a baby, you had tiny hands and feet. As you got older, everything became 
bigger, including your bones. Did you know that babies have more bones than adults? They 
are born with 300 bones. Adults have 206. What happened to those extra bones? Some of a 
baby’s bones are made of a material called cartilage. You saw cartilage in the diagram of the 
skeleton in class. It was on the ends of bones. This material forms a cushion where two bones 
meet. You were not able to see the cartilage on the bone you looked at in class because it 
was not from the end of a bone. Cartilage starts out as a 
soft, flexible material. If you touch the end of your nose 
and move it, you will feel cartilage. Over the years, some 
of the cartilage in the body slowly hardens into bone. 
Between the ages of 17 and 21, your bones will be as big 
as they are going to get and you will stop growing.

It is easy to see that your bones are smaller than an adult’s. 
Your bones contain special “growing zones” where the 
cells of the cartilage change into hard bone. These are 
called growth plates and are found at the ends of bones in 
your legs and arms. These plates consist of cartilage cells 
that increase in number and grow in length. They then 
change into hard, mineralized bone cells. These growth 
plates are easy to see on this X- ray. The growth plates at 
the ends of bones continue to grow until you are in your 
late teens. Then the body does not produce any more 
cartilage cells that get turned into bone cells.
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What Is Inside a Bone?
You saw in class that bones are not made of a solid material. In fact, human bones have 
three layers that surround the bone marrow in the center. The outer surface of bone is called 
the periosteum. This outer layer is a very thin layer and from the outside looks solid. But it 
actually contains nerves and blood vessels that bring food, oxygen, and other materials to 
the bone. These blood vessels also carry waste away from bone cells.

Why do you think bone needs food and oxygen?

The next layer is called compact bone. It 
is smooth and very hard. Underneath the 
compact bone is what is called spongy bone 
or cancellous (kan- seh- lus) bone. This bone is 
like a sponge, but it is very strong and hard. 
This layer protects the inside of the bone called 
the bone marrow (mar- oh). Bone marrow is 
like a thick jelly. The job of the bone marrow 
is to make blood cells. Red blood cells, white 
blood cells, and platelets are made in the 
marrow of your bones. It is hard to believe, 
but those hard, strong bones are living and are 
made up of cells.

Bones also contain minerals like calcium and 
phosphorus. Calcium is needed to make 
bones hard, which allows them to support 
body weight. You may have been told that you 
should drink milk because it will make your 
bones strong. It is true that while you are growing, it is important to consume foods that contain 
calcium. Bones also store calcium and release some into the blood when it is needed by other 
parts of the body.

Look back at the question at the beginning of the reading. Have you changed your mind 
about whether bones are living? Why?
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What about Repair?
You just read that bones grow by making more bone cells, but what happens when you break 
a bone? If you have ever broken a bone or known someone who has, you know that it can be 
a painful thing. In this reading, you learned that there are nerves that are in the outer layer of 
bone. When a bone breaks, it is the damage to these nerves that causes the pain. Your bones 
are amazing organs that begin to heal themselves even before you set foot in the doctor’s 
office.

Along with nerves in the outer layer of bone are blood vessels. When the bone breaks, so 
do these blood vessels. In Lesson 5, you learned that there were different types of blood 
cells. When you studied the respiratory system in Lesson 6, you learned that red blood cells 
carry oxygen. Another type of blood cell is a platelet. When you break a bone and the blood 
vessels break, platelets make the blood cells stick together and form a blood clot. These are 
the same cells that form a scab when you cut yourself. This blood clot helps to keep both 
pieces of bone lined up for mending. New blood vessels form and bring food and oxygen 
to the bone so that new bone cells can form and the bone can begin to heal. These blood 
vessels also bring the calcium to make the new bone strong.

Anytime you break a bone, no matter how you do it, moving the bone 
around can keep it from healing properly, so after the doctor puts the 
bones back in the right position, he or she will usually put a cast around 
the injured area to make sure the bones stay in the right place. This 
means that as new bone cells grow, they can repair the break. As new 
cells form, they fill in the gap between the two parts of the bone. It can 
take several weeks for the new cells to fill in the space. Once the bone 
has healed, it is often stronger that it was before the break.

Can you think of any other times besides when you break a bone that 
your body repairs itself?
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ACTIVITY 7.2 ͵ HOW DO CELLS MAKE MORE CELLS?ACTIVITY 7.2 ͵ HOW DO CELLS MAKE MORE CELLS?

Your teacher will provide you with instructions for this page.
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L�ÝÝÊÄ 8

Can My Systems Keep Up the Pace?

ACTIVITY 8.1 ͵ WHAT IS THE RATE?ACTIVITY 8.1 ͵ WHAT IS THE RATE?

What Will We Do?
We will investigate whether exercise affects your our heart rate and respiration rate.

Lab 1 – Heart Rate
Pre- Lab
Take your pulse in order to determine how fast your heart is beating. Your teacher will show 
you how to detect your pulse. Be sure you find your pulse before you try the lab. Record all 
data on the data table.

Prediction
What do you think will happen to your pulse rate when you exercise? Why?

Procedure
 1. Once you have located your pulse, tell your partner that you are ready to record your 

heartbeat. Your partner will keep time for 15 seconds. You will count each time you 
feel the beat. Your partner will tell you when to start and stop.

 2. Use the number of beats that were counted in 15 seconds and multiply it by four. This is 
how many times blood is pushed through that artery in a minute. This is called your pulse.

 3. Measure your pulse three times and record it in the following table. Find the average 
of your three measurements.

 4. Have your partner do the same while you keep time.

 5. Your partner will now time you as you run in place for one minute.

 6. Check your pulse as you did in Step 2. Record the time for Trial 1. Switch roles with 
your partner.
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 7. Repeat Step 6 for two more trials. Calculate the average.

 8. For this step, your partner will now time you as you run in place for two minutes. 
Switch roles with your partner. Do this two more times. Find the average.

 9. Both you and your partner will sit down and relax for three minutes. Check and record 
your heartbeat rate again. Check it two more times and find the average.

Data Table and Result

ActivityActivity
Beats per MinuteBeats per Minute

Trial 1 Trial 2 Trial 3 Average

At rest 
(before exercise)

1 minute of exercise

2 minutes of exercise

At rest 
(3 min. after exercise)

 10. Create a graph showing your average heartbeat after each activity. Number the points 
on your graph’s y- axis at even intervals so the data you collected can be represented. 
You will create a line graph.

The Effect of Exercise on Heartbeat RateThe Effect of Exercise on Heartbeat Rate
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Making Sense
 1. What was the effect of exercise on heart rate?

 2. Compare your prediction to the results. Did the rate vary the way you expected?

 3. How did your at- rest rate before exercise compare to your at- rest rate after exercise?

Lab 2 – Respiration Rate

Prediction
Respiration rate is the number of breaths a person takes per minute. Do you think the effects 
of exercise on respiration will be similar to the pattern you observed for circulation? Why?

Procedure
 1. One person in your team will do the exercise. Other team members will observe the 

subject and count the number of times he or she inhales by counting each time the 
subject’s chest rises and falls.

 2. Observe the subject. Count the number of times his or her chest rises and falls in 15 
seconds. Multiply that number by four to get the respiration rate per minute.

 3. Have the subject run in place, jump rope, or do jumping jacks for one minute.

 4. Calculate the respiration rate.

 5. Have the subject run in place, jump rope, or do jumping jacks for two minutes.

 6. Repeat Step 4.



80 WHAT IS GOING ON INSIDE ME? 

 7. Have the subject run in place, jump rope, or do jumping jacks for three minutes.

 8. Repeat Step 4.

 9. Have the subject sit down and rest for three minutes.

 10. Repeat Step 4

 11. Complete the line graph to show the results of your experiment. Remember to 
number the y- axis.

Data Table and Result

Breathing EventBreathing Event Respiration Rate Respiration Rate 
(breaths per minute)(breaths per minute)

At rest (before exercise)

1 minute of exercise

2 minutes of exercise

3 minutes of exercise

At rest (after exercise)
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The Effect of Exercise on Respiration RateThe Effect of Exercise on Respiration Rate
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Making Sense
 1. How does the respiration- rate pattern compare to the circulation- rate pattern?

 2. Why do you think this happens? What do the results tell you about energy in your 
body?

 3. Look at the rest rate for both experiments. How can you use these results to help 
answer the question of whether your body is always using some energy?
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    Reading 8.1 – Organisms’ Balancing Acts

Getting Ready
“Ladies and gentlemen, children of all ages, welcome to the Greatest 
Show on Earth! The amazing, the magnificent, the fantastic system that 
performs 7 days a week, 24 hours a day. It is the one, the only, the 
splendid . . . human body!!!”

OK, maybe that is a little much, but can you imagine anything that 
performs the way your body does? The body system works constantly 
to keep your cells supplied with all of the things the body needs to 
function, grow, and repair itself. It keeps itself balanced even when the 
environment changes so that it maintains the right amount of energy, 
heat, and water. This self- regulation goes on without you even thinking 
about it. Yes, indeed, your body is amazing. What about other organisms? 
Should those systems be part of the “Greatest Show on Earth”?

Do you think that other organisms (plants and other animals) have systems that function as 
well as the human body? Why?

Homeostasis in Humans
Homeostasis comes from two words in the Greek language: homeo, meaning “same” or 
“similar,” and stasis, meaning “stand” or “stay.” Homeostasis is the ability of the body 
systems to keep the body balanced inside in spite of changes outside the body. In class, you 
observed that the body system is always working and interacting to maintain homeostasis. 
That means that the body has “normal” rates to supply an organism with what it needs. When 
you exercised, your body needed more energy, so the circulatory and respiratory systems 
worked harder to provide cells with more energy. When you rested, the body returned to the 
same normal rate the body needs to function that it had before exercise.

Homeostasis also helps to maintain body temperature. When the outside environment changes, 
homeostasis triggers your body systems to react. When it is very cold, your body shivers and 
your teeth chatter to keep muscles working to warm the body. When the temperature outside 
is very high, or exercise causes the body to warm too much, you perspire to cool your body 
down. When you perspire a lot, you get really thirsty; so, you drink to replace the water your 
cells have lost. This ideal function—homeostasis—is constantly maintained in your body.

At the end of this lesson, you will add homeostasis to your list of characteristics of living 
things. That means that other organisms must exhibit this function, too. How does that work 
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in other animals or in plants? Can you think of any way homeostasis takes place in another 
animal or in plants?

Homeostasis in Other Organisms: Other Animals
When you answered the previous question, you most likely used examples of other mammals. 
You may have thought about your pet dog when it pants a lot when playing or walking outside 
in 95°F weather. That happens because, unlike humans, a dog has very 
few sweat glands, so it does not perspire to cool down. Instead, it pants 
to cool down or licks itself to spread saliva over the body so it cools by 
evaporation. Whichever method is used, homeostasis is the goal. You 
may have also noticed that, in the winter, your dog’s fur is thick, but in the 
hot summer, it sheds a lot of that fur. Homeostasis is maintained again as 
the dog is warmed or cooled.

Or maybe you thought about birds. Homeostasis in many birds has to 
do with them keeping their body temperature high. To do this, they eat 
about 50% of their weight in food each day to keep their metabolism 
high to warm their bodies. Northern birds fly to warmer climates in the 
winter.

Perhaps you recalled a trip to the zoo where you saw penguins. These 
birds need to maintain a lower body temperature than other birds. Did 
you see them standing with their flappers extended? No, they were not 
trying to fly: penguins are flightless birds. Moving their flappers is their 
body’s way of cooling their temperature down.

Did you notice the elephant’s large, thin ears when you were at the zoo? 
This is how they can lose heat quickly to maintain homeostasis when they 
heat up too much.

Both mammals and birds are warm- blooded animals. Their bodies must 
keep a constant internal temperature. They generate their own heat in a 
cool environment and cool themselves in a hot environment.

Other animals, like fish and reptiles, are cold-blooded organisms, and they have to use the 
temperature of their environment to maintain homeostasis. Because their muscle activity 
depends on chemical reactions that are very active when it is hot, cold- blooded animals are 
much more lively when it is warm and very slow moving when it is cold.

Fish that live in places where the winters are very cold often move deeper into the water or 
travel to warmer waters where the temperature is higher. Reptiles lay in the sun, and many 
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darken their skin, to collect as much warmth from the sun as possible. If they get too hot, 
reptiles will change their position, hide in a shady nook, and lighten their skin color to repel 
the sun’s heat rays and cool down. Other cold- blooded animals hibernate, or sleep, through 
the winter.

What about Plants?
Plants are organisms. Therefore, homeostasis is a 
characteristic of plants. Plants are organisms that 
make their own food (and make more than they need 
so we can have a source for our energy with their 
leftovers). In northern areas, winter days get shorter 
and colder. Water is harder to obtain from the frozen 
ground. Trees with broad leaves have to survive 
through the cold weather. The cold, dry winds of 
winter can take too much of what water there is from 
the tree’s leaves. The trees shed their leaves and 
become dormant or inactive. They are not producing 
food and require much less energy to stay alive. They 
remain in homeostasis, surviving on the water and food protected 
from the cold and winds by being stored in their thick, strong trunks 
and branches until new leaves grow in the spring.

Evergreen trees, like Christmas trees, do not lose their leaves. For 
these plants, their structures provide a different way to survive harsh 
winters. Their leaves, called needles, are covered with a heavy wax 
coating. This prevents water from being lost. Also, the cells of these 
needles have natural antifreeze—that is, they produce substances that 
do not freeze easily. These needles can survive several cold winters 
before they shed and are replaced by new ones.

Look at the photograph of a common cactus plant called the saguaro 
cactus. This type of cactus grows in very, very, hot, dry places. It is a 
living organism—a plant—and it must be able to maintain homeostasis 
in the desert. It has to be able to store water since the desert has very 
little rainfall.

Evergreen needles

Saguaro cactus
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Name one structure on the saguaro cactus that you think helps it maintain its water 
homeostasis. Explain how it would help do that.

Homeostasis is a characteristic of all living things. The way each organism remains in 
homeostasis is unique. Whether the organism sacrifices part of itself by losing leaves in winter 
or pants or flaps to stay cool, organisms’ magnificent systems perform in ways that keep them 
in balance so they can survive.
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L�ÝÝÊÄ 9

How Does All This 
Energize and Repair Me?

ACTIVITY 9.1 ͵ WHERE IS FOOD USED IN MY BODY?ACTIVITY 9.1 ͵ WHERE IS FOOD USED IN MY BODY?

What Will We Do?
We will construct an explanation to answer the question, Where is food used in my body?

Procedure
 1. Look through your Driving Question Notes and Scientific Principles list, and review 

the major findings so far in this unit. Write out the major claim you want to make in 
this explanation.

 2. Go through your notes and circle or highlight any of the data that support the claim. 
Use the Scientific Principles list to help determine which data are related to the 
claim.

 3. Your explanation should include how the food gets to where it is used and how it is 
used. You should include how the systems you have investigated interact to get the 
food where it needs to be used.

 4. The parts of the explanation should be as follows:

 Claim—A statement about what happened. The claim is what helps people to 
understand and believe.

 Evidence—Data that support the claim. The evidence is data you have gathered 
that provide support that makes the claim believable.

 Reasoning—The logic that leads from the evidence to the claim and, if possible, 
connects it with a scientifi c principle. The reasoning says why the claim makes 
sense, given what scientists know about the world.

 5. Use the worksheet to develop the parts of your explanation.

 6. Write your explanation as a complete, convincing paragraph on a separate sheet of 
paper.
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What Happens to Food in the Body?
Claim:

EvidenceEvidence Scientific PrincipleScientific Principle
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ELEMENTELEMENT

DESCRIPTORSDESCRIPTORS

Accomplished Developing Struggling No Credit

3 2 1 0

EVIDENCEEVIDENCE

All evidence used 
to support the 
claim is 
appropriate and 
interpreted 
correctly.

Most evidence 
used to support 
the claim is 
appropriate and 
interpreted 
correctly. May 
include some 
inappropriate or 
incorrect 
evidence.

The evidence 
used is not 
appropriate (not 
related to the 
claim) and/or 
not interpreted 
correctly.

No evidence 
is provided.

REASONINGREASONING

The reasoning 
references the 
claim and 
evidence. It uses 
scientific principles 
when possible or a 
logical connection 
to the evidence to 
explain why the 
data count as 
evidence to 
support the claim.

It provides 
reasoning that is 
an evident 
attempt to link 
the reasoning to 
a scientific 
principle or to 
construct a 
logical 
connection 
between the 
claim and 
evidence. 
However, the 
principle or 
logical 
connection does 
not completely 
support the 
claim and/or 
does not use 
the evidence 
effectively.

The reasoning 
restates the 
evidence used 
with little or no 
attempt to 
explain why the 
data count as 
evidence.

No reasoning 
is given.

CLARITYCLARITY

The explanation is 
constructed in a 
concise way so the 
reader can easily 
understand the 
explanation.

The explanation 
is a complete 
paragraph but is 
difficult to 
follow.

The explanation 
paragraph is 
written as three 
unique points 
rather than a 
coherent 
paragraph.

No 
explanation is 
written.
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    Reading 9.1 – SimCell

Getting Ready
Have you ever played SimCity or The Sims on the computer? In those games, you can design 
a city, a world, or a family and then control how it develops and changes. You can change 
the number of people in the city and watch what happens to resources like food or water. In 
SimEarth, you can create a natural disaster like a hurricane or earthquake and watch how it 
affects the landforms on your planet. What if there were a computer game called SimCell? If 
you could see inside cells and interact with them, what would you like to see?

Describe what you think a game called SimCell would be like.

In this unit, you have learned many things about cells. You created a list of scientific principles. 
Two of those include the following:

 • All living things are made of cells.

 • Cells carry out functions like getting energy from food, getting rid of waste, growing, 
and making repairs.

In Lesson 2, you learned that single cells can be living things, but they also can be part of 
an organism that is made of millions of cells. You also wrote an explanation of how all the 
systems of the body work together so that cells can carry out their functions. You observed 
that cells are very small and most cannot be seen without a microscope. In this reading, you 
will learn about scientists who are using modern computer technology to understand more 
about what is going on inside those tiny cells.

SimCell?
In Lesson 1, you read about how Robert Hooke first looked at cork under a microscope and 
saw tiny, box like structures that he called cells. Not long after that, Anton van Leeuwenhoek 
first saw single- celled organisms through his microscope. You have observed your skin cells, 
as well as amoebae and bacteria, under the microscope. But what if you could see what was 
actually going on inside the cell to use the energy in food or to get rid of waste?
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More than 300 years after Hooke and Leeuwenhoek first looked at cells, there are some 
scientists who are putting aside their microscopes and turning to computers to try to enter 
the world of the cell. These scientists are using some of the biggest supercomputers to build 
digital simulations of what is happening inside single- celled organisms. These digital images 
are called molecular dynamics simulations. Klaus Schulten is the director of the Theoretical 
Computational Biophysics group at the University of Illinois at Urbana–Champaign. He creates 
simulations and calls them “a microscope into the molecular world of the living cell.” Because 
these are simulations, they can show the movement of molecules that happen inside cells. 
They can show how molecules of protein are broken down in the cell or how fat molecules 
form there.

Why do you think using a simulation of what happens inside a cell could be more useful to 
scientists than observing the parts of a cell through a regular microscope?

These simulations are another kind of model. If you have studied other IQWST units, you may 
have used models to help you understand how things worked. Each of these models helps 
you understand how things happen in the real world. You used models because these things 
cannot easily be observed. You cannot see odor molecules moving in the air and you cannot 
easily observe the organisms in an ecosystem.

For many years, scientists have been able to observe structures inside cells through powerful 
electron microscopes. These are much more powerful than the microscopes in your science 
class. The microscopes you used may have made things appear 400 times larger than they 
actually were so you could see a cell. Some electron microscopes can magnify things up to 
2 million times their actual size so scientists are able to see the organelles that are inside cells. 
Now, with computer simulations, scientists will be able “see” how the atoms and molecules 
inside the cells are moving.

Use the key words Sim Cells in an Internet search engine to try to find an example to view. 
Since the work these scientists are doing is done with computers, how do you think they can 
evaluate if their models are accurate?

You have learned in science that one way to test your predictions is to do an experiment. 
That is exactly what happened with the scientists who developed the cell simulation. They 
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wrote an article about the work they were doing so that other scientists would know what 
they had figured out about how cells work. Another group of scientists that works with real 
cells decided to see if what Dr. Schulten said would happen in real cells. They conducted an 
experiment to test Dr. Schulten’s ideas. Their experiments confirmed that what the molecular 
simulation showed was actually happening in living cells.

The scientists are planning on continuing their work with cell simulation so that they can 
understand even more about how the cell works at the molecular level. “We want to develop 
the physical basis for what really makes a cell the wonderful thing it is, something that is 
capable of duplicating itself, creating a daughter cell, repairing itself, and maintaining itself 
for a long time,” says Schulten.

If you could create a simulation of something that you have learned about in this unit, what 
would it be?
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How Does All This Work 
Together Inside Me?

ACTIVITY 10.1 ͵ WHO HAS THE “TOUCH”?ACTIVITY 10.1 ͵ WHO HAS THE “TOUCH”?

What Will We Do?
We will determine if there are higher concentrations of sense receptors 
in some areas of the body.

Prediction
Do you think one area of the body needs to be more sensitive than 
another? If so, which area?

!   Safety

When using the paper clip, apply even pressure.  
Do not push hard with force.

Procedure
 1. Your partner should be seated with his or her arm resting on the table. During the 

experiment, your partner’s eyes should be closed or 
his or her head should be turned in the opposite 
direction. If available, use a blindfold.

 2. Using the paper clip and a ruler, set the two ends of 
the clip about 4mm apart.

 3. Apply the two points to your partner’s skin on the tip of the index finger. Be sure the 
ends of the clip touch the skin at the same time with the same amount of pressure.

4 mm
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 4. Ask your partner how many points he or she can feel. If he or she says, “1,” move the 
paper clip so the ends are 5mm apart. If he/she says, “2,” move the ends to 3mm apart. 
Keep doing this, using the same amount of pressure, until you have the smallest distance 
that your partner can feel the two points. Record that distance on the data table.

 5. To be sure your partner is being accurate in reporting points, once in a while use only 
one point of the paper clip.

 6. Repeat the process on each of the areas listed in the data table.

 7. Repeat Steps 1–5 for each partner in the group.

 8. When everyone in your group has his or her data, average each area tested to find 
the group’s average data.

Area TestedArea Tested Discrimination Distance Discrimination Distance 
(mm)(mm)

Group Average Distance Group Average Distance 
(mm)(mm)

Tip of Index Finger

Palm of Hand

Cheek

Side of Neck

Forehead

Palm Side of Forearm

Conclusion
 1. How did your data compare with the group average?

 2. Which area had the smallest discrimination distance in the group average?

 3. Why do you think you might need sensory receptors to be concentrated in some 
parts of the body more than others?

 4. Why do you think this area would be the most sensitive area of those tested?
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    Reading 10.1 – What Happens When I Get the Chills?

Getting Ready
Have you ever had the experience of being so cold that you shivered? 
Maybe you have experienced one big, quick shiver. Maybe you have 
shivered in the cold for several minutes. Have you ever been so cold 
that your teeth chattered? You do not control either one of these by 
wishing they would happen. But your body controls both of these 
reactions.

Write your ideas about what you think happens inside your body to 
make you shiver.

The Nervous System: Key to Communication
All day, the nervous system keeps communication going so the subsystems do what they 
should. Body systems and subsystems work together to keep cells supplied with energy and 
building materials.

You learned that billions of nerve cells, called neurons, send impulses throughout your 
body. Those cells control both voluntary and involuntary actions. Receptor cells respond to 
a stimulus with a certain type of energy that they are sensitive to. That energy is converted 
into electrical energy. That electrical energy, along with some chemicals, moves the impulse 
from the peripheral nervous system to the central nervous system. Your brain interprets the 
impulse and sends an impulse to the neurons that carry out the proper action. It is complex, 
and it all happens quickly.

In Lesson 8, you learned about homeostasis. Homeostasis is the body’s need to keep itself in 
balance. Maintaining the proper body temperature is an example of homeostasis. Humans 
need to keep an internal temperature of about 98.6°F (36.9°C). When you exercise, your 
body works harder to provide oxygen to your cells so they will release energy. You saw 
this when your heartbeat, respiration, and temperature increased. Another body response 
is perspiration. As sweat evaporates, it cools the surface of your skin so your body will not 
overheat. Your nervous system automatically monitors and adjusts your body’s temperature. 
Shivering is the opposite of sweating, but both are examples of the nervous system 
at work.

Shivering
Shivering is your body’s way of keeping your temperature from getting too low. When 
the outside environment temperature gets cooler, your body continues to work toward 
homeostasis. Molecules in receptor cells that are sensitive to temperature send an impulse 
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that passes through neurons to your brain. Your brain interprets the impulse and sends 
a message through the neurons to expand and contract quickly. Quick expanding and 
contracting produces heat. Chattering teeth are caused by the muscles in the jaw getting 
that message from the brain.

How did your prediction at the beginning of the reading compare with what you now 
understand about shivering? Good for you if you figured out that shivering was a way for 
your body to warm up. You are really beginning to understand what is going on inside you.

However, sometimes people shiver even when they are not cold. Maybe you hear a song, or 
someone tells you a story, or you respond to another stimulus and say, “That just gave me 
chills!” The nervous system is the control center of all of the body’s subsystems. As much as 
scientists have learned, there is still a lot they do not know. Neuroscientists, who study the 
nervous system, are researching every day to learn more.

Why Do I Get Chills When I Am Not Cold?
Sometimes, one person feels warm and another person feels chilly, even though they are 
sitting side by side. They are both experiencing the same temperature in the environment, 
but they experience it differently.

Some researchers are exploring why people might shiver even when they are not cold. 
Some receptors in your body are activated by chemicals or by temperature. Peripheral nerve 
endings are located in places that can easily receive signals from the environment. One 
place peripheral nerve endings and receptors are located is under your skin. Deep inside 
the body is a different kind of nerve ending—central nerve endings. They cannot receive 
environmental signals, like the temperature in a room, but they can respond to chemicals inside 
your body.

The receptors on peripheral nerve endings respond to cold temperatures, like cold water or 
a cool breeze. One scientist has learned that cold receptors are also found deep inside the 
body. He is studying the reason that cold receptors are found inside the body, where they 
cannot react to the temperature in the environment. What purpose do those receptors serve? 
One idea is that chemicals inside the human body can trigger the cold receptors. These 
chemicals might be released when you have a fever, for example. That would explain why 
you can have a fever, which signals that your body is too warm, and then you can get chills 
at the same time.

Can you think of a time when you had the chills, but it was not cold? Describe what happened.
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What Is Going on Inside Me?

ACTIVITY 11.1 ͵ HOW DOES EVERYTHING WORK TOGETHER?ACTIVITY 11.1 ͵ HOW DOES EVERYTHING WORK TOGETHER?

What Will We Do?
We will write an evidence-based scientifi c explanation to answer the question, What is 
going on inside my body when I do certain activities?”

Procedure
 1. Be sure you have your Driving Question Notes and Scientific Principles list.

 2. With your group, decide which of the activities you want to explain. Other groups 
may choose the same activity.

 3. Use the following chart to organize your ideas and record your evidence.

 4. Write a scientific explanation that addresses the four elements listed.

 • Energy–What is the role of energy in doing this activity?
 • Systems–How do the body systems work together to accomplish this task?
 • Results–What are the results in the body of doing this task?
 •  Control–What processes have to adapt or modify themselves in doing this 

activity?

 5. There are prompts after each of the questions on the chart to help identify what you 
need to think about in order to answer the question.
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ElementElement Our Ideas and EvidenceOur Ideas and Evidence

Energy–What is the role of energy in do-
ing this activity?
 A. Where does it come from?
 B.  What does the body do to be able to 

use this energy?
 C.  Can you run out of energy? What 

limits the amount of energy you can 
use for an activity?

Systems–How do the body systems 
work together to accomplish this task?
 A.  What different body systems are 

involved in the activity?
 B.  For each system–What does it need 

and where does it get it? What does it 
send, if anything, to another system?

Results–What are the results in the body 
of doing this task? (breathing hard, 
sweating)
 A. Why do these happen?

Control–What processes have to adapt 
or modify themselves in doing this 
activity?
 A.  Is one system working harder causing 

another system to do something 
differently?

 B.  What systems need to be coordinated 
and how does this happen?

 C.  Does the activity involve responding 
to something in the environment? 
How does this happen?

Questions we have–In doing the 
activity, what part can you not explain 
using what you have learned about the 
human body in this unit?


