
Victor Sampson, Patrick Enderle, Leeanne Gleim, Jonathon Grooms, 
Melanie Hester, Sherry Southerland, and Kristin Wilson© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



iii© 2016 Hawker Brownlow Education • 9781760018962 • NST8962

Acknowledgments ..................................................................................................................... vii

About the Authors ....................................................................................................................... ix 

SECTION 1
Introduction and Lab Safety

Introduction by Victor Sampson ......................................................................................... 3

Safety in the Science Classroom, Laboratory, or Field Sites ............................................. 5

SECTION 2—Life Sciences Core Idea 1
From Molecules to Organisms: Structures and Processes

INTRODUCTION LAB
Lab 1. Osmosis and Diffusion: Why Do Red Blood Cells Appear Bigger After Being Exposed 
to Distilled Water?

Lab Handout ..............................................................................................................................13

Checkout Questions ...................................................................................................................18

APPLICATION LABS 
Lab 2. Cell Structure: How Should the Unknown Microscopic Organism Be Classifi ed?

Lab Handout ..............................................................................................................................21

Checkout Questions ...................................................................................................................25

Lab 3. Cell Cycle: Do Plant and Animal Cells Spend the Same Proportion of Time in Each 
Stage of the Cell Cycle?

Lab Handout ..............................................................................................................................27

Checkout Questions ...................................................................................................................31

Lab 4. Normal and Abnormal Cell Division: Which of These Patients Could Have Cancer?

Lab Handout ..............................................................................................................................33

Checkout Questions ...................................................................................................................38

Lab 5. Photosynthesis: Why Do Temperature and Light Intensity Affect the Rate of 
Photosynthesis in Plants? 

Lab Handout ..............................................................................................................................40

Checkout Questions ...................................................................................................................45

CONTENTS

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



iv

Student Lab Manual for Argument-Driven Inquiry in Biology

NST8962 • 9781760018962 • © 2016 Hawker Brownlow Education

Lab 6. Cellular Respiration: How Does the Type of Food Source Affect the Rate of Cellular 
Respiration in Yeast? 

Lab Handout ..............................................................................................................................47

Checkout Questions ...................................................................................................................52

Lab 7. Transpiration: How Does Leaf Surface Area Affect the Movement of Water Through a 
Plant?

Lab Handout ..............................................................................................................................54

Checkout Questions ...................................................................................................................59

Lab 8. Enzymes: How Do Changes in Temperature and pH Levels Affect Enzyme Activity?

Lab Handout ..............................................................................................................................61

Checkout Questions ...................................................................................................................66

SECTION 3—Life Sciences Core Idea 2 
Ecosystems: Interactions, Energy, and Dynamics

INTRODUCTION LABS
Lab 9. Population Growth: How Do Changes in the Amount and Nature of the Plant Life 
Available in an Ecosystem Infl uence Herbivore Population Growth Over Time? 

Lab Handout ..............................................................................................................................71

Checkout Questions ...................................................................................................................76

Lab 10. Predator-Prey Population Size Relationships: Which Factors Affect the Stability of 
a Predator-Prey Population Size Relationship?

Lab Handout ..............................................................................................................................79

Checkout Questions ...................................................................................................................84

Lab 11. Ecosystems and Biodiversity: How Does Food Web Complexity Affect the 
Biodiversity of an Ecosystem?

Lab Handout ..............................................................................................................................87

Checkout Questions ...................................................................................................................92

Lab 12. Explanations for Animal Behavior: Why Do Great White Sharks Travel Over 
Long Distances?

Lab Handout ..............................................................................................................................95

Checkout Questions .................................................................................................................101

APPLICATION LABS
Lab 13. Environmental Infl uences on Animal Behavior: How Has Climate Change Affected 
Bird Migration?

Lab Handout ............................................................................................................................103

Checkout Questions .................................................................................................................108

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



v

Contents

© 2016 Hawker Brownlow Education • 9781760018962 • NST8962

Lab 14. Interdependence of Organisms: Why Is the Sport Fish Population of Lake Grace 
Decreasing in Size?

Lab Handout ............................................................................................................................111

Checkout Questions .................................................................................................................122

Lab 15. Competition for Resources: How Has the Spread of the Eurasian Collared-Dove 
Affected Different Populations of Native Bird Species?

Lab Handout ............................................................................................................................124

Checkout Questions .................................................................................................................129

SECTION 4—Life Sciences Core Idea 3 
Heredity: Inheritance and Variation of Traits

INTRODUCTION LABS
Lab 16. Mendelian Genetics: Why Are the Stem and Leaf Color Traits of the Wisconsin Fast 
Plant Inherited in a Predictable Pattern?

Lab Handout ............................................................................................................................135

Checkout Questions .................................................................................................................140

Lab 17. Chromosomes and Karyotypes: How Do Two Physically Healthy Parents Produce a 
Child With Down Syndrome and a Second Child With Cri Du Chat Syndrome? 

Lab Handout ............................................................................................................................142

Checkout Questions .................................................................................................................147

Lab 18. DNA Structure: What Is the Structure of DNA?

Lab Handout ............................................................................................................................150

Checkout Questions .................................................................................................................155

Lab 19. Meiosis: How Does the Process of Meiosis Reduce the Number of Chromosomes in 
Reproductive Cells?

Lab Handout ............................................................................................................................157

Checkout Questions .................................................................................................................162

APPLICATION LABS
Lab 20. Inheritance of Blood Type: Are All of Mr. Johnson’s Children His Biological 
Offspring? 

Lab Handout ............................................................................................................................164

Checkout Questions .................................................................................................................169© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



vi

Student Lab Manual for Argument-Driven Inquiry in Biology

NST8962 • 9781760018962 • © 2016 Hawker Brownlow Education

Lab 21. Models of Inheritance: Which Model of Inheritance Best Explains How a Specifi c 
Trait Is Inherited in Fruit Flies? 

Lab Handout ............................................................................................................................171

Checkout Questions .................................................................................................................176

SECTION 5—Life Sciences Core Idea 4
Biological Evolution: Unity and Diversity

INTRODUCTION LABS
Lab 22. Biodiversity and the Fossil Record: How Has Biodiversity on Earth Changed Over 
Time?

Lab Handout ............................................................................................................................181

Checkout Questions .................................................................................................................185

Lab 23. Mechanisms of Evolution: Why Will the Characteristics of a Bug Population Change 
in Different Ways in Response to Different Types of Predation?

Lab Handout ............................................................................................................................187

Checkout Questions .................................................................................................................192

APPLICATION LABS
Lab 24. Descent With Modifi cation: Does Mammalian Brain Structure Support or Refute the 
Theory of Descent with Modifi cation?

Lab Handout ............................................................................................................................194

Checkout Questions .................................................................................................................199

Lab 25. Mechanisms of Speciation: Why Does Geographic Isolation Lead to the Formation 
of a New Species?

Lab Handout ............................................................................................................................202

Checkout Questions .................................................................................................................210

Lab 26. Human Evolution: How Are Humans Related to Other Members of the Family 
Hominidae?

Lab Handout ............................................................................................................................212

Checkout Questions .................................................................................................................219

Lab 27. Whale Evolution: How Are Whales Related to Other Mammals? 

Lab Handout ............................................................................................................................221

Checkout Questions .................................................................................................................227

Image Credits ..........................................................................................................................229

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



Student Lab Manual for Argument-Driven Inquiry in Biology

4 NST8962 • 9781760018962 • © 2016 Hawker Brownlow Education

scientists talk, write, think, and interact with each other refl ect common ideas about what 
counts as quality and shared standards for how new ideas should be developed, shared, 
evaluated, and refi ned. These ways of interacting make science diff erent from other ways 
of knowing. The core ideas, crosscu  ing concepts, and practices of science are important 
within the scientifi c community because most, if not all, members of that community fi nd 
them to be a useful way to develop and refi ne new explanations for, or descriptions of, the 
natural world.

The laboratory investigations included in this book are designed to help you learn the 
core ideas, crosscu  ing concepts, and practices of science. During each investigation, you 
will have an opportunity to use a core idea, several crosscu  ing concepts, and the prac-
tices of science to understand a natural phenomenon or solve a problem. Your teacher will 
introduce each investigation by giving you a task to accomplish and a guiding question 
to answer. You will then work as part of a team to plan and carry out an investigation to 
collect the data you need to answer that question. From there, your team will develop an 
initial argument that includes a claim, evidence in support of your claim, and a justifi ca-
tion of your evidence. The claim will be your answer to the guiding question, the evidence 
will include your analysis of the data you collected and an interpretation of that analysis, 
and the justifi cation will explain why your evidence is important. Next, you will have an 
opportunity to share your argument with your classmates and to critique their arguments, 
much like professional scientists do. You will then revise your initial argument based on 
your colleagues’ feedback. Finally, you will be asked to write an investigation report on 
your own to share what you learned. The report will go through double-blind peer review 
so you can improve it before you submit it  to you teacher for a grade. As you complete 
more and more investigations in this lab manual, you will not only learn the core ideas 
associated with each investigation but also get be  er at using the crosscu  ing concepts and 
practices of science to understand the natural world. 
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Osmosis and Diffusion 
Why Do Red Blood Cells Appear Bigger After Being Exposed to Distilled Water?

Lab 1. Osmosis and Diffusion: Why Do Red Blood Cells 
Appear Bigger After Being Exposed to Distilled Water?
Lab Handout

Introduction

All living things are made of cells. Some organisms, such as bacteria, are unicellular, which 
means they consist of a single cell. Other organisms, such as humans, fi sh, and plants, are 
multicellular, which means they consist of many cells. All cells have some parts in common. 
One part found in all cells is the cell membrane. The cell membrane surrounds the cell, 
holds the other parts of the cell in place, and protects the cell. Molecules such as oxygen, 
water, and carbon dioxide can pass in and out of the cell membrane. All cells also contain 
cytoplasm. The cytoplasm is a jelly-like substance inside the cell where most of the cell’s 
activities take place. It’s made out of water and other chemicals. 

Some cells found in multicellular organisms are highly specialized and carry out very 
specifi c functions. An example of a specialized cell found in vertebrates is the erythrocyte, 
or red blood cell (RBC). RBCs are by far the most abundant cells in the blood. The primary 
function of RBCs is to transport oxygen from the lungs to the cells of the body. In the 
capillaries, the oxygen is released so other cells can use it. Ninety-seven percent of the 
oxygen that is carried by the blood from the lungs is carried by hemoglobin; the other 3% 
is dissolved in the plasma. Hemoglobin allows the blood to transport 30–100 times more 
oxygen than could be dissolved in the plasma alone. 

As you can see in the fi gure to the right, RBCs 
look like li  le discs when they are viewed under 
a microscope. They have no nucleus (the nucleus 
is extruded from the cell as it matures to make 
room for more hemoglobin). A unique feature 
of RBCs is that they can change shape; this abil-
ity allows them to squeeze through capillaries 
without breaking. RBCs will also change shape 
in response to changes in the environment. For 
example, if you add a few drops of distilled 
water to blood on a microscope slide, the cells 
will look bigger after a few seconds (see the fi gure’s right panel). 

Scientists often develop and test explanations for natural phenomena. In this investiga-
tion you will have an opportunity to design and carry out an experiment to test two dif-
ferent explanations for why RBCs appear bigger after they are exposed to distilled water. 
These are the two explanations that you will test: 

Red blood cells before and after distilled water is added
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LAB 1

1. Molecules such as protein and polysaccharides are more concentrated inside 
the cell than outside the cell when the cell is in distilled water. These molecules 
therefore begin to move out of the cell because of the process of diff usion but 
are blocked by the cell membrane. As a result, these molecules push on the cell 
membrane and make the cell appear bigger. 

2. Water molecules move into the cell because the concentration of water is greater 
outside the cell than it is inside the cell. As a result, water fi lls the cell and makes it 
appear bigger.

Your Task

Design and carry out an experiment to determine which of the two explanations about the 
appearance of RBCs after exposure to distilled water is the most valid or acceptable from 
a scientifi c perspective.

The guiding question of this investigation is, Why do the red blood cells appear bigger 
after being exposed to distilled water?

Materials

You may use any of the following materials during your investigation: 

• Starch solution (starch is a polysaccharide) 

• Distilled water

• Beakers

• Graduated cylinder

• Balance (electronic or triple beam)

• Dialysis tubing (assume that it behaves just like the membranes of RBCs)

• Safety goggles

• Aprons

Safety Precautions

1. Indirectly vented chemical-splash goggles and aprons are required for this 
activity.

2. Wash hands with soap and water after completing this lab.

3. Follow all normal lab safety rules.
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Osmosis and Diffusion 
Why Do Red Blood Cells Appear Bigger After Being Exposed to Distilled Water?

Getting Started

You will use models of cells rather than real cells 
during your experiment. You will use cell models 
for two reasons: (1) a model of a cell is much larger 
than a real cell, which makes the process of data 
collection much easier; and (2) you can create your 
cell models in any way you see fi t, which makes it 
easier to control for a wide range of variables dur-
ing your experiment. The cell models will therefore 
allow you to design a more informative test of the 
two alternative explanations outlined above.  

You can construct a model cell by using the 
dialysis tubing. Dialysis tubing behaves much like 
a cell membrane. To create a model of a cell, place 
the dialysis tubing in water until it is thoroughly 
soaked. Remove the soaked tubing from the water and tightly twist one end several times 
and either tie with string or tie a knot in the tubing. You can then fi ll the model cell with 
either a starch solution (starch is a common polysaccharide) or distilled water. Once fi lled, 
twist the open end several times and tie it tightly as shown in the fi gure. You can then dry 
the bag and place it into any type of solution you need.

In designing your experiment, you must determine what type of data you will need to 
collect, how you will collect it, and how you will analyze it. To determine what type of data 
you will need to collect, think about the following questions:

• What will serve as your dependent variable (e.g., mass of the cell or size of the cell)?

• What type of measurements will you need to make during your investigation?

To determine how you will collect your data, think about the following questions:

• What will serve as a control (or comparison) condition?

• What types of treatment conditions will you need to set up and how will you do it?

• How many “cells” will you need to use in each condition?

• How often will you collect data and when will you do it?

• How will you make sure that your data are of high quality (i.e., how will you 
reduce error)?

• How will you keep track of the data you collect and how will you organize the 
data?

To determine how you will analyze your data, think about the following questions:

Tying the dialysis tubing
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