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ACTIVITY OVERVIEW

Students model the effects of antibiotics on the population of the disease-causing bac-
teria during an infection. Students toss number cubes to determine whether an
“infected patient” remembers to take the prescribed daily dose of antibiotics, which
in turn affects the size of the bacterial population in the patient. The results demon-
strate that it is critical to remember to take each dose on time and to complete the
entire prescribed course of antibiotics. 

KEY CONCEPTS AND PROCESS SKILLS

(with correlation to NSE 5–8 Content Standards)

1. Scientists create models to communicate scientific information. (Inquiry: 1)

2. Graphs can reveal patterns that are not immediately apparent from data tables.
(Inquiry: 1)

3. Microbes cause most infectious diseases. (Life Science: 1)

4. The human body has natural defenses against infectious diseases. These include
barriers, such as skin, linings, such as mucus, and white blood cells in the
immune system. (Life Science: 1)

5. Antibiotics are effective against many bacterial infections, but not against viral
infections. (Life Science: 1)

KEY VOCABULARY
antibiotic

bacteria

full course

immune system

infection

resistant

sample size

virus
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MATERIALS AND ADVANCE PREPARATION

For the teacher

1 Transparency 51.1, “Bacteria Graph Sample 1”

1 Transparency 51.2, “Bacteria Graph Sample 2”

1 Scoring Guide: ORGANIZING DATA (OD)

1 Scoring Guide: ANALYZING DATA (AD) 

1 Scoring Guide: UNDERSTANDING CONCEPTS (UC) 

1    transparency of Science Skills Student Sheet 4, “Scatterplot and Line
Graphing Checklist” (optional)

* 1 overhead projector

For each pair of students

1 set of 50 disks (20 green, 15 blue, 15 orange)

4 colored pencils (including green, blue, orange)

* 1 number cube

For each student

1 Student Sheet 51.1, “Anticipation Guide: Miracle Drugs?”

1 Student Sheet 51.2, “Population Data”

1 Student Sheet 51.3, “Bacteria Graph”

1    Science Skills Student Sheet 4, “Scatterplot and Line Graphing
Checklist” (optional)

1 Scoring Guide: ORGANIZING DATA (OD) (optional)

1 Scoring Guide: ANALYZING DATA (AD) (optional)

1 Scoring Guide: UNDERSTANDING CONCEPTS (UC) (optional)

*Not supplied in kit

Science Skills Student Sheets are in Teacher Resources II: Diverse Learners. Masters for
scoring guides are in Teacher Resources III: Assessment.

TEACHING SUMMARY
Getting Started

1. (LITERACY) Briefly review the role of the immune system as the first line of defense
against infectious diseases.

Doing the Activity

2. The class reads the Scenario and the teacher models the Procedure.

3. (OD ASSESSMENT) Student pairs work together to collect data.

Follow-Up

4. (AD, UC ASSESSMENT) The class discusses the data and the relevance of sample size.
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BACKGROUND INFORMATION
Bacterial Resistance

Bacteria, both beneficial and harmful, live within the human body. Infections occur
when the size of a population of harmful bacteria (either indigenous or introduced)
grows too large. Antibiotics have been extremely successful in fighting bacterial infec-
tions since their discovery in the 1930s. Today, many antibiotics are less effective
because resistant bacterial strains have become more prevalent. Various antibiotics are
used to effectively kill many different microbes. However, some microbes are resistant to
these medicines. It takes only one resistant microbe within a population to lead to an
increase in resistant microbes. As the rest of the bacterial population is killed off, the
resistant bacteria face no competition and can reproduce more successfully. As a result,
increased use of antibiotics can lead to the development (evolution) of resistant strains. 

The possibility that disease-causing organisms could become resistant to treatment
with antibiotics was first observed in 1943, when penicillin was being developed for
use. It was during the second clinical trial of penicillin that one of the 15 patients died
from a strep infection because the microbe had become resistant to the antibiotic.
Today, there are antibiotic-resistant strains of many different disease-causing
microbes, including Streptococcus pneumoniae (which causes ear infections and
meningitis), Mycobacterium tuberculosis (which causes tuberculosis), Haemophilus
influenzae (which causes respiratory infections), and Neisseria gonorrhoeae (which
causes gonorrhea), to name a few. More than 90 strains of Staphylococcus aureus bac-
teria, a common cause of hospital staph infections, are now resistant to penicillin.

This is one reason it is important to reduce the unnecessary use of antibiotics and
other antibacterial agents. Over-prescription and misuse contribute to the problem,
and many health care providers are more carefully monitoring their use of antibi-
otics. Some researchers are also recommending that the routine use of antibacterial
soaps and other such products be reduced. One interesting side note is that over 40%
of the antibiotics manufactured in the U.S. are given to animals, often for reasons
other than infections. The use of antibiotics in agriculture can also contribute to the
rise of antibiotic-resistant microbes.

Patients have played, and continue to play, an important role in the developing crisis.
Many people who have been given prescriptions start feeling better after a few days
and stop taking the antibiotic. All of the microbes may not yet have been killed, espe-
cially those with more antibiotic resistance. These still-living resistant bacteria then
reproduce. This increases their population and increases the chance of their causing
future infections that cannot be treated with a typical course of antibiotics. However,
this crisis is not due to patients alone. Health care policies have also contributed. In
some countries, many antibiotics are available without a prescription and thus the
opportunity for misuse in these areas is even greater. In some cases, doctors have pre-
scribed antibiotics unnecessarily, either as a placebo or because patients demand
them. As more and more antibiotics are prescribed, the non-resistant strains are
killed, allowing the population size of the resistant strains to increase, especially as
they are passed from individual to individual. 

REFERENCES
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TEACHING SUGGESTIONS

GETTING STARTED

1. (LITERACY) Briefly review the role of the
immune system as the first line of defense
against infectious diseases.

[insert student idea 1] Student Sheet 51.1, “Antici-
pation Guide: Miracle Drugs?” provides a preview
of important ideas in Activity 51 and the reading in
Activity 52, “Miracle Drugs—or Not?” Students have
the opportunity to explore conflicting ideas they
may have about antibiotics. After distributing Stu-
dent Sheet 51.1, you may want to read the state-
ments aloud and clarify any questions students
might have about their meaning. Instruct each stu-
dent to record whether they agree or disagree with
each statement by placing a “+” or “—” in the
“Before” column. Explain that they will have a
chance to revisit these statements after Activity 52
to see if their ideas have changed or remain the
same.

Briefly review that an organism’s immune system is
constantly attacking and removing potentially
harmful substances. Point out that medicines are
needed only in situations where the immune system
is not able to get rid of the infection. This can occur
if the immune system is not functioning as well as it
could be, or if the infection is too widespread for a
properly functioning immune system to combat.

Ask students to recall that disease-causing bacteria
can cause infections and that antibiotics can be used
to kill these bacteria. Ask students to share their
experiences with antibiotics: What illness was being
treated? What kind of antibiotic was used? What was
the length of treatment? Did the antibiotic work? Was
all of the medicine used? Ask students what they
think their parents or the general public know about
proper antibiotic use. Some students may be famil-
iar with the recommendation that the full course of
antibiotic be taken, while others may not.

Explain to the class that in this activity they will be
modeling the effects of antibiotics on a population
of disease-causing bacteria living inside a sick person.

DOING THE ACTIVITY

2. The class reads the Scenario and the
teacher models the Procedure.

Ask students to read the Scenario titled “A Bacterial
Infection” in the Student Book. While they are
doing this, distribute the materials, including Stu-
dent Sheet 51.2, “Population Data.” You can also
provide Student Sheet 51.3, “Bacteria Graph,” at
this time, or wait until students have completed col-
lecting their data. 

Review what each disk color represents and then
review the Procedure. Depending upon the makeup
of your class, you may want to lead the class step-
by-step through the Procedure. Since the disks are
transparent, you can model the procedure with the
disks on the overhead projector. Make sure that stu-
dents understand that at the start, their body is
infected with only 20 bacteria, not all 50 they were
given. You might want to suggest that they draw a
circle representing the body on the bottom of Stu-
dent Sheet 51.2 and place the initial 20 disks inside
the circle. It is also recommended that you explain
the Number Cube Key in the Student Book so that
all student pairs understand what to do after each
toss of their cube.

3. (OD ASSESSMENT) Student pairs work
together to collect data.

Encourage student pairs to begin working on their
own. Circulate among the groups to make sure each
pair is doing the simulation correctly. Once stu-
dents have proceeded to the last step, you may have
to provide assistance with the graphing. Again,
depending upon the makeup of your class, you may
want to work through this step with the entire class.
Alternatively, if students are skilled at graphing, use
the ORGANIZING DATA (OD scoring guide to score stu-
dents’ work on Student Sheet 51.3.

FOLLOW-UP

4. (AD, UC ASSESSMENT) The class discusses the
data and the relevance of sample size.

Once all groups have finished their graphs, use a
show of hands to determine how many student
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pairs killed all the harmful bacteria in their body.
Results will indicate that in order to be certain that
the antibiotics destroy the bacteria, especially those
organisms most resistant to the effects of the antibi-
otics, it is critical to remember to take each dose on
time and to complete the entire prescribed course of
antibiotics. (However, an occasional student group
will “forget” only one dose late in the treatment and
still eradicate all of the bacteria. See the discussion
below regarding the idealized nature of the model.)
Briefly discuss these results or use Analysis Ques-
tions 1 and 2 as a prompt for a full class discussion. 

n Teacher’s Note:When discussing Analysis Ques-
tion 2(c), remind students that this activity is a
model, and note that the example of three bacteria
is based on this simplified model. 

Two possible data sets and their associated graphs
are provided on Transparencies 51.1, “Bacteria
Graph Sample 1,” and 51.2, “Bacteria Graph Sam-
ple 2.” The first set of data shows that the bacteria
are completely eradicated after seven doses if none
of the doses are forgotten; the second set shows the
dramatic increase in the proportion of extremely
resistant bacteria in the population that results
when two doses are forgotten.

Point out that, in this model, the small sample size
of the class data is relevant. Ask students, What
other factors may act as variables in the effectiveness
of an antibiotic? In reality not every infection will
respond to an antibiotic in the same way. There is
no way to know whether the population of disease-
causing bacteria you are treating will be controlled
more or less quickly by the antibiotic than expected.
Ask students, If you have an infection, is there any
way for you to know if you have killed all of the dis-
ease-causing bacteria most of the way through your
full course of antibiotic? If some students are confi-
dent that they could determine this, ask, What are
the consequences if you are wrong? Point out that
antibiotic treatments often require taking medi-
cines for several days longer than may be required,
to prevent an increase in the proportion of more
resistant bacteria in the population—a risk of which
can exist even if no doses are omitted.

You may wish to raise the issue of the variability of
individuals’ responses and the difficulty in predict-
ing precisely how a drug might affect an individual.
This was discussed in detail in Unit A, “Experimen-
tal Design, Studying People Scientifically,” of Issues
and Life Science. Also suggest the possibility of imme-
diate reinfection (there may be bacterial sources in
the environment as a person begins to recover). A
more resistant starting bacterial population, such
as may be likely to result from a reinfection, could
be modeled by increasing the proportion of orange
disks in the initial population. Bring closure to the
discussion by emphasizing the importance of taking
the full course of any antibiotic prescribed.

Analysis Question 4 can be assessed with the UNDER-
STANDING CONCEPTS (UC) scoring guide.

SUGGESTED ANSWERS TO QUESTIONS

1. (AD ASSESSMENT) Did the antibiotic help you to

completely kill all of the harmful bacteria living in

your body? Explain.

Answers will depend on the number of times stu-
dents “forgot” to take the antibiotic (as a result
of tossing a “2”or a “4”). Students who never for-
got the antibiotic will be able to kill all the harm-
ful bacteria with the 7th dose. Point out that
most antibiotics are prescribed with a dose or
two beyond what might be sufficient, in case the
bacteria are a more resistant than is typical. 

n Teacher’s Note: If students forget just one
dose, in some cases they will be able to get rid of
the disease-causing bacteria by the end of the
8th dose . If they forget more than one dose
(e.g., see Transparency 51.2, “Bacteria Graph
Sample 2”), in all cases they will have some dis-
ease-causing bacteria living in their body at the
end of the full course of antibiotics.

Level 3 Responses

Yes, the antibiotic helped me kill all of the harm-
ful bacteria in my body. Over the eight days, I
did not forget to take my antibiotic at all, so I
was able to get rid of the least resistant bacteria
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by day three, the resistant bacteria by day five
and the extremely resistant bacteria by day
seven.

No, the antibiotic did not help me kill all of the
harmful bacteria. I forgot to take the antibiotic
on day 3 and day 6. As a result, I was able to
eliminate the least resistant bacteria by day five
and the resistant bacteria by day 8 but I still had
a lot of extremely resistant bacteria in my body.

2. a. Imagine infecting someone else imme-

diately after catching the infection (before

you started taking the antibiotic). With what type of

bacteria would you be most likely to infect them?

Initially, the most abundant bacteria are the
least resistant bacteria (black disks); therefore,
they are the ones most likely to infect someone
else.

b. Imagine infecting someone else near the end of

your antibiotic course. With what type of bacte-

ria would you be most likely to infect them?

Unless you skipped many doses, near the end
of your antibiotic course the only bacteria
remaining, and thus the only ones able to
infect others, are the extremely resistant bac-
teria (orange disks).

c. Suppose most infected people stopped taking the

antibiotic when they began to feel better. (For

example, consider the point in the simulation

when there were only three harmful bacteria

left.) What do you predict might happen to an

antibiotic’s ability to kill the harmful bacteria if

the infection returns? Explain your reasoning.

It could decrease. Over time, the population
of harmful bacteria would contain propor-
tionally more of the extremely resistant bac-
teria than the other types. Since the
extremely resistant forms are more difficult
to treat with the antibiotic, the population as
a whole becomes increasingly antibiotic-
resistant.

3. Use your graph to describe how the population of

each type of bacteria changed over the course of the

antibiotic treatment.

When the antibiotic is first taken, the total popu-
lation and the population of the least resistant
bacteria decrease while the populations of the
more resistant bacteria increase. In fact, even in
the situation where no doses are missed, the
population of the extremely resistant bacteria
continues to increase until the 6th dose. This
may surprise to many students, and is in fact a
shortcoming of the model. With continued regu-
lar doses, the populations of the more resistant
bacteria also begin to decrease until eventually
all the bacteria are gone. Any missed doses
result in increases in the populations of those
bacteria strains that are living in the body at
that time. 

n Teacher’s Note: Students will notice that in
this scenario, it is highly likely that at least one
dose is skipped in the course of eight tosses. (In
this case, tossing a cube to simulate remember-
ing vs. forgetting to take the antibiotic assumes a
probability of 1/3 that a patient will forget a
“dose.”) The distribution of results would
change markedly if the probability of forgetting
were changed significantly.

4. (UC ASSESSMENT) Why is it important to com-

plete the full course of an antibiotic as prescribed?

Level 3 Response

You have to take the amount of antibiotics your
doctor prescribes. If you take only some of them,
the extremely resistant bacteria will keep
increasing. Your body needs the antibiotics to
help fight off the disease-causing bacteria. If you
take the antibiotics for two days and then forget
for a couple of days, you fight some of the bacte-
ria, but some will keep growing, especially the
more dangerous ones. This means you could still
be sick or even get sicker in the long run. 
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5. Was this activity a good model of an antibiotic treat-

ment? Explain.

The strengths of this model include the fact that
it takes a course of antibiotics taken over time to
kill a population of disease-causing microorgan-
isms. Also, although many people do forget to
take their medicine regularly, most of them do
not do it on purpose, and tossing the cube mod-
els the random nature of forgetfulness. In addi-
tion, the fact that not taking antibiotics as
prescribed can result in increasing the propor-
tion of an antibiotic-resistant strain in a popula-
tion is demonstrated. 

However, the activity does not model what
might happen if you completely stopped taking
the antibiotic as you began to feel better, or if
you took multiple doses at the same time. The
model also indicates that a population of 20 dis-
ease-causing bacteria would warrant the use of
an antibiotic. An actual bacterial infection
would involve thousands of bacteria. (In addi-
tion, the model suggests that an antibiotic sys-
tematically kills more and more resistant strains
of bacteria in succession; in fact, the more resist-
ant a bacterium, the more likely it is to survive
for a period of time in the presence of antibi-
otic.)

6. You find out that you have a viral infection and not a

bacterial infection. What would happen to the

amount of virus in your body each time you took the

antibiotic? Explain.

Nothing would happen as a result of taking the
antibiotic. This question reinforces the idea that
antibiotics do not work against viral diseases.

7. Reflection 1: Many scientists now think that the
overuse of such products as antibacterial hand

cleansers contributes to an increase of antibiotic-

resistant bacteria. Based on what you have learned

so far in this unit, do you agree? Explain.

Answers will vary, but students may realize that
a similar type of resistance might evolve to anti-
bacterial cleansers. 

8. Reflection 2: Have you or your family members ever
taken an antibiotic? If so, which one(s) were taken

and what were they taken for? If you are not sure,

find out from your parents in preparation for the

next activity.

Answers will vary, but in a typical classroom
there are likely to be students whose family
members have taken antibiotics for ear infec-
tions, infected cuts, bacterial pneumonia, or
other infections.
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Before starting the activity, mark whether you agree (+) or disagree (—) with each
statement below. 

After completing the activity, mark whether you agree (+) or disagree (—) with each
statement below. Under each statement, explain how the activity gave evidence to
support or change your ideas.

Before After

1. Antibiotics work by killing microorganisms (germs).

2. Antibiotics are effective against both viruses and bacteria.

3. Most populations of microorganisms vary in their sensitivity
to antibiotics.

4. If you feel better after taking half of your antibiotic prescrip-
tion, you can throw the rest away, or save it for next time you
are sick.

5. Antibiotic resistance develops when your body becomes
immune to the effects of the antibiotic.

6. Antibiotic resistance is an example of changes in a popula-
tion caused by natural selection.

Complete the following question after you have done Activities 51 and 52.

Reflection: How has your understanding of antibiotics and antibiotic resistance
changed as a result of Activities 51, “The Full Course,” and 52, “Miracle Drugs—or Not”?
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Toss Number
Least Resistant

Bacteria
(green)

Resistant
Bacteria

(blue)

Extremely
Resistant
Bacteria
(orange)

Total

Initial 13 6 1 20

1

2

3

4

5

6

7

8

Table 1: Number of Harmful Bacteria in Your Body

Step 1 Roll the number cube

Step 2 1,3,5,6—take an antibiotic, 
2,4—don’t take an antibiotic

Step 3 Bacteria reproduce (add 1 to each
color that you have)

Step 4 Record the number of each type of
bacteria
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Time (in days)
1 3 4 5 6 7 82

5

10

15

20

25

30

Key

Least resistant bacteria =
Resistant bacteria =
Extremely resistant bacteria =
Total number of bacteria =
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