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scientists talk, write, think, and interact with each other reflect common ideas about what
counts as quality and shared standards for how new ideas should be developed, shared,
evaluated, and refined. These ways of interacting make science diﬀerent from other ways
of knowing. The core ideas, crosscu ing concepts, and practices of science are important
within the scientific community because most, if not all, members of that community find
them to be a useful way to develop and refine new explanations for, or descriptions of, the
natural world.
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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 practices 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 justification 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 justification 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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Lab 1. Osmosis and Diffusion: Why Do Red Blood Cells
Appear Bigger After Being Exposed to Distilled Water?
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Lab Handout
Introduction
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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, fish, 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.
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Some cells found in multicellular organisms are highly specialized and carry out very
specific 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.
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As you can see in the figure to the right, RBCs Red blood cells before and after distilled water is added
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 ability 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 figure’s right panel).

Scientists often develop and test explanations for natural phenomena. In this investigation you will have an opportunity to design and carry out an experiment to test two different explanations for why RBCs appear bigger after they are exposed to distilled water.
These are the two explanations that you will test:
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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 diﬀusion 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 fills the cell and makes it
appear bigger.
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Your Task

ow

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 scientific perspective.

nl

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

Materials

ow

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

• Distilled water
• Beakers

Br

• Starch solution (starch is a polysaccharide)

• Graduated cylinder
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• Balance (electronic or triple beam)
• Dialysis tubing (assume that it behaves just like the membranes of RBCs)
• Safety goggles
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• Aprons
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Safety Precautions

14

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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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 fit, which makes it
easier to control for a wide range of variables during your experiment. The cell models will therefore
allow you to design a more informative test of the
two alternative explanations outlined above.
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Tying the dialysis tubing

Getting Started
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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 fill the model cell with
either a starch solution (starch is a common polysaccharide) or distilled water. Once filled,
twist the open end several times and tie it tightly as shown in the figure. You can then dry
the bag and place it into any type of solution you need.
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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:
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• 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?

aw

To determine how you will collect your data, think about the following questions:
• What will serve as a control (or comparison) condition?
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• 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:
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