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Chapter 1 The Science of Biology

Science is an organized way of using 
evidence to learn about the natural world. 
Scientific thinking usually begins with
observation, which is the process of gather-
ing information about events or processes
in a careful, orderly way. The information
gathered from observations is called data.
Quantitative data are expressed as num-
bers, obtained by counting or measuring.
Qualitative data are descriptive and involve
characteristics that can’t usually be counted.
Scientists use data to make inferences. An
inference is a logical interpretation based on
prior knowledge or experience.

After making first observations, a
researcher will propose one or more
hypotheses. A hypothesis is a proposed 
scientific explanation for a set of observa-
tions. Scientists generate hypotheses using
prior knowledge, logical inference, and
informed, creative imagination. Scientific
hypotheses must be proposed in a way that
enables them to be tested. Some hypotheses
are tested by performing controlled experi-
ments. Other hypotheses are tested by gath-
ering more data. The conclusions researchers
draw from experiments or data must be
valid. To be valid, a conclusion must be
based on logical interpretation of reliable
data.

1–2 How Scientists Work
Conducting a scientific investigation
involves a series of steps. The first step is
asking a question. The second step involves
forming a hypothesis. The third step in con-
ducting a scientific investigation is setting
up a controlled experiment. Whenever pos-
sible, a hypothesis should be tested by an
experiment in which only one variable is
changed at a time. All other variables
should be kept unchanged. This type of
experiment is called a controlled experi-
ment. The variable that is deliberately
changed is called the manipulated variable.

The variable that is observed and that
changes in response to the manipulated
variable is called the responding variable.

The fourth step in conducting a scien-
tific investigation is recording and analyzing
results. The fifth step is drawing a conclu-
sion. A key assumption in science is that
experimental results can be reproduced.

Sometimes, controlled experiments are
not possible. When researchers design alter-
native investigations, they try to maintain
the rigorous thinking associated with a con-
trolled experiment. As evidence from
numerous investigations builds up, a partic-
ular hypothesis may become so well sup-
ported that scientists consider it a theory. In
science, a theory is a well-tested explanation
that unifies a broad range of observations.

1–3 Studying Life
Although living things vary greatly, all liv-
ing things share eight characteristics:

1. Living things are made up of units called
cells. A cell is a collection of living matter
enclosed by a barrier that separates the
cell from its surroundings. Cells are the
smallest units of an organism that can be
considered alive.

2. Living things reproduce. In sexual repro-
duction, two cells from different parents
unite to produce the first cell of the new
organism. In asexual reproduction, a 
single-celled organism divides in half to
form two new organisms.

3. Living things are based on a universal
genetic code. The directions for inheri-
tance are carried by a molecule called
DNA.

4. Living things grow and develop. Multi-
cellular organisms typically go through a
process called development. As cells
divide, they change in shape and struc-
ture in a process called differentiation.
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5. Living things obtain and use materials
and energy. The combination of chemical
reactions through which an organism
builds up or breaks down materials as it
carries out its life processes is called
metabolism.

6. Living things respond to their environ-
ment. Organisms detect and respond to
stimuli from their environment. A stimu-
lus is a signal to which an organism
responds.

7. Living things maintain a stable internal
environment. The process by which they
do this is called homeostasis.

8. Taken as a group, living things change
over time. Change over time in living
things is called evolution.

Biology is divided into different fields of
study. Some fields focus on the study of liv-
ing systems at different levels. These levels
include, from smallest to largest: molecules,
cells, groups of cells, organisms, popula-
tions, communities, ecosystems, and the
biosphere.

1–4 Tools and Procedures
Most scientists use the metric system when
collecting data. The metric system is a deci-
mal system of measurement whose units
are based on certain physical standards and
are scaled on multiples of 10. A revised 
version of the original metric system is called
the International System of Units, or SI.

The simplest way to find out whether
factors in an experiment changed or
remained the same is to record data in a
table and then make a graph.

A microscope is a device that produces
magnified images of structures that are too
small to see with the unaided eye. Light
microscopes produce magnified images by
focusing visible light rays. Compound light
microscopes allow light to pass through the
specimen and use two lenses to form an
image. Electron microscopes use beams of
electrons to produce magnified images.
Biologists use two main types: the transmis-
sion electron microscope (TEM) and the
scanning electron microscope (SEM).

A cell culture is a group of cells that
develops from a single cell placed in a dish
containing a nutrient solution. Cell fraction-
ation is a technique in which cells are bro-
ken into pieces and different cell parts are
separated for study.

Whenever you work in your biology
laboratory, it’s important for you to follow
safe practices. The single most important
rule for your safety is simple: Always fol-
low your teacher’s instructions and the text-
book directions exactly. Because you may be
in contact with organisms you cannot see, it
is essential that you wash your hands thor-
oughly after every scientific activity.
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Vocabulary Review
True or False Determine whether each statement is true or false. If it
is true, write true in the space provided. If the statement is false, change
the underlined word or words to a word from the list below to make the
statement true. 

cell culture electron manipulated
fractionation homeostasis metric system
controlled experiment hypothesis metabolism
data inference science

1. The process by which an organism keeps
internal conditions fairly constant is
spontaneous generation.

2. A(An) controlled experiment is a procedure
that changes only one variable at a time and
keeps the others constant.

3. The information you gather from observa-
tions makes up your science.

4. A(An) hypothesis is a proposed and testable
scientific explanation for a set of observations.

5. In a controlled environment, the variable that
is changed is called the responding variable.

6. The smallest functional unit of life is the cell. 

7. The chemical reactions by which an organ-
ism builds up or breaks down the materials
needed for life is homeostasis.

8. A well-supported hypothesis is called
a theory.

9. A technique that allows scientists to separate
the parts of a cell is called cell culture.

10. A(An) light microscope produces images by
focusing beams of electrons.
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Vocabulary Review

Completion Fill in the blanks with terms from Chapter 1.

1. The process of gathering information about events or processes in a careful, orderly 

way is called .

2. A(An) is a logical interpretation based on prior knowledge or
experience.

3. A(An) is a proposed scientific explanation for a set of 
observations.

4. In a(an) experiment, only one variable is changed at a time,
while all other variables are kept unchanged.

5. A(An) is a well-tested explanation that unifies a broad range
of observations.

6. In reproduction, the new organism has a single parent.

7. A(An) is a signal to which an organism responds.

8. The system is a decimal system of measurement whose units
are based on certain physical standards and are scaled on multiples of 10.

Matching In the space provided, write the letter of the definition that best matches each term.

_____ 9. biology

_____ 10. microscope

_____ 11. cell

_____ 12. cell fractionation

_____ 13. homeostasis

_____ 14. metabolism

_____ 15. cell culture

a. a collection of living matter enclosed by a barrier that
separates it from its environment

b. combination of chemical reactions through which an
organism builds up or breaks down materials

c. a laboratory technique in which a group of cells develops
from a single cell

d. process of keeping an organism’s internal conditions
constant

e. a device that produces magnified images of structures
that are too small to see with the unaided eye

f. a laboratory technique in which cells are separated into
cell parts

g. the science that seeks to understand the living world

observation

hypothesis

inference

controlled

theory

asexual

stimulus

metric

g

e

a

f

d

b

c



Short Answer On the lines provided, answer the following questions.

1. What is science?

2. What is the relationship between observation and gathering data?

3. How do you make an inference?

4. What is the difference between a manipulated variable and a
responding variable in a controlled experiment?

5. What is the difference between sexual reproduction and asexual
reproduction?

Matching On the lines provided, write the letter of the answer that best matches
each description.

6. hypothesis

7. cell culture

8. data

9. evolve

10. metric system

11. homeostasis

12. cell fractionation

13. microscope

14. biology

15. theory
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a. process of keeping internal conditions fairly 
constant

b. device that produces images of structures that
are too small to see with the unaided eye

c. proposed scientific explanation for a set of 
observations

d. group of cells that develops from a single, 
original cell

e. well-tested explanation that unifies a broad
range of observations

f. information gathered from observation

g. the science that seeks to understand the living
world

h. to change over time

i. decimal system based on certain standards and
scaled on multiples of 10

j. technique that separates different cell parts
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Multiple Choice On the lines provided, write the letter of the answer that best
completes the statement or answers the question.

16. What theory was disproved by the experiment
shown in the diagram?

a. homeostasis c. metabolism

b. evolution d. spontaneous generation

17. What is the name for a collection of living matter enclosed
by a barrier that separates it from its surroundings?

a. cell c. cell fractionation

b. cell culture d. DNA

18. What is the name for a combination of chemical changes
that builds up or breaks down material in an organism?

a. homeostasis c. sexual reproduction

b. metabolism d. cell culture

19. What type of microscope allows light to pass through the
specimen and uses two lenses to form an image?

a. transmission electron c. compound light
microscope microscope

b. electron microscope d. scanning electron 
microscope

20. The type of microscope that focuses beams of 
electrons on specimens is the

a. compound microscope. c. scanning microscope.

b. electron microscope. d. compound light 
microscope.
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