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Synopsis:  In this first part of this two-part unit on evolution, students investigate the case of Addie, a young girl who gets bacterial 
infections that cause her to almost die. The students develop models on the evolution of bacteria and develop bacteria experiments 
to provide evidence of the mechanism for Natural Selection. An optional component of the unit is for students to complete their 
mission as citizen scientists, developing more effective infographics to sway individual health choices related to the misuse of 
antibiotics. 
 
What students figure out:  By the end of the unit, students develop ideas about natural selection & evolution including: 
 

● Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion 
of some species and the emergence of new distinct species, as well as the extinction of other species. 

 

● Genetic information provides evidence of evolution; multiple lines of descent can be inferred by comparing the DNA sequences 
of different organisms. 

NGSS PERFORMANCE 
EXPECTATIONS BUNDLE 

 

 

LS4. Natural Selection and Evolution 

HS-LS4-1 HS-LS4-4 

HS-LS4-2 HS-LS4-5 

HS-LS4-3  

 
Bolded PEs are targeted in Bend 1;  Bolded and 
italicized  PEs are started in Bend 1 and further 

developed in Bend 2;  
Italicized PEs  are targeted in Bend 2  

 

 

● Natural selection occurs only if there is both variation in the genetic information among organisms in a population and variation in the expression of that genetic 
information—that is, trait variation—that leads to differences in performance among individuals. The traits that positively affect survival are more likely to be reproduced, 
and thus are more common in the population. Natural selection leads to adaptation. 

● Evolution is a consequence of the interaction of four factors: (1) the potential for a species to increase in number, (2) the genetic variation of individuals in a species due to 
mutation and sexual reproduction, (3) competition for an environment’s limited supply of the resources that individuals need in order to survive and reproduce, and (4) the 
ensuing proliferation of those organisms that are better able to survive and reproduce in that environment.  

 

Targeted NGSS Performance Expectation(s) 

Targeted in Bend 1: 
● HS-LS4-3: Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to increase in proportion to organisms lacking this trait. 
● HS-LS4-4: Construct an explanation based on evidence for how natural selection leads to adaptation of populations.  

 
Foundation laid in Bend 1 and further developed in Bend 2: 
● HS-LS4-2 : Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a species to increase in number, (2) the heritable 

genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for limited resources, and (4) the proliferation of those organisms that are better able to 
survive and reproduce in the environment. 

● HS-LS4-5:  Evaluate the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of individuals of some species, (2) the emergence of new 
species over time, and (3) the extinction of other species. 

 
Targeted in Bend 2: 
● HS-LS4-1 : Communicate scientific information that common ancestry and biological evolution are supported by multiple lines of empirical evidence. 
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Targeted Scientific Practice(s) Targeted DCI(s) Targeted Cross-Cutting Concept(s) 

Obtaining, Evaluating, and Communicating Information 
● Communicate scientific information (e.g., about 

phenomena and/or the process of development and the 
design and performance of a proposed process or system) 
in multiple formats (including orally, graphically, textually, 
and mathematically). (HS-LS4-1) 

 
Constructing Explanations and Designing Solutions  
● Construct an explanation based on valid and reliable 

evidence obtained from a variety of sources (including 
students’ own investigations, models, theories, 
simulations, peer review) and the assumption that 
theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in 
the future. (HS-LS4-2) (HS-LS4-4) 

  
Analyzing and Interpreting Data 
● Apply concepts of statistics and probability (including 

determining function fits to data, slope, intercept, and 
correlation coefficient for linear fits) to scientific and 
engineering questions and problems, using digital tools 
when feasible. (HS-LS4-3) 

 
Engaging in Argument from Evidence 
● Evaluate the evidence behind currently accepted 

explanations or solutions to determine the merits of 
arguments. (HS-LS4-5) 
 

- - - - --- - - -  Connections to Nature of Science  - - --- - - - - -  
 
Scientific Knowledge is Based on Empirical Evidence 
● A scientific theory is a substantiated explanation of some 

aspect of the natural world, based on a body of facts that 
have been repeatedly confirmed through observation 
and experiment. The science community validates each 
theory before it is accepted. If new evidence is 
discovered that the theory does not accommodate, the 
theory is generally modified in light of this new evidence. 
(HS-LS4-4) 

LS4.A: Evidence of Common Ancestry and Diversity 
● Genetic information, like the fossil record, provides evidence of evolution. DNA 

sequences vary among species, but there are many overlaps; in fact, the ongoing 
branching that produces multiple lines of descent can be inferred by comparing the 
DNA sequences of different organisms. Such information is also derivable from the 
similarities and differences in amino acid sequences and from anatomical and 
embryological evidence. (HS-LS4-1) 

 
LS4.B: Natural Selection 
● Natural selection occurs only if there is both (1) variation in the genetic information 

between organisms in a population and (2) variation in the expression of that 
genetic information—that is, trait variation—that leads to differences in 
performance among individuals. (HS-LS4-3) (HS-LS4-4) 

● The traits that positively affect survival are more likely to be reproduced, and thus 
are more common in the population. (HS-LS4-3) 

 
LS4.C: Adaptation 
● Natural selection leads to adaptation in a population dominated by organisms that 

are anatomically, behaviorally, and physiologically well suited to survive and 
reproduce in a specific environment. That is, the differential survival and 
reproduction of organisms in a population that have an advantageous heritable 
trait leads to an increase in the proportion of individuals in future generations that 
have the trait and to a decrease in the proportion of individuals that do not. 
(HS-LS4-3) (HS-LS4-4) 

● Adaptation also means that the distribution of traits in a population can change 
when conditions change. (HS-LS4-3) 

● Changes in the physical environment, whether naturally occurring or human 
induced, have thus contributed to the expansion of some species, the emergence 
of new distinct species as populations diverge under different conditions, and the 
decline–and sometimes the extinction–of some species. (HS-LS4-5) 

● Species become extinct because they can no longer survive and reproduce in their 
altered environment. If members cannot adjust to change that is too fast or drastic, 
the opportunity for the species’ evolution is lost. (HS-LS4-5) 

● Evolution is a consequence of the interaction of four factors: (1) the potential for a 
species to increase in number, (2) the genetic variation of individuals in a species 
due to mutation and sexual reproduction, (3) competition for an environment’s 
limited supply of the resources that individuals need in order to survive and 
reproduce, and (4) the ensuing proliferation of those organisms that are better 
able to survive and reproduce in that environment. (HS-LS4-2) 

Cause and Effect 
● Empirical evidence is required to differentiate 

between cause and correlation and make claims 
about specific causes and effects. 
(HS-LS4-2)((HS-LS4-4)(HS-LS4-5) 

 
Patterns 
● Different patterns may be observed at each of the 

scales at which a system is studied and can 
provide evidence for causality in explanations of 
phenomena. (HS-LS4-1)(HS-LS4-3) 
 

---------- Connections to Nature of Science --------- 
 
Scientific Knowledge Assumes an Order and 
Consistency in Natural Systems 
● Scientific knowledge is based on the assumption 

that natural laws operate today as they did in the 
past and they will continue to do so in the future. 
(HS-LS4-1)(HS-LS4-4) 
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Key to storyline columns: 

Lesson 
 Question 

 (time) 
 

Building toward  

⬇ 
NGSS PEs :  

 

Phenomena  Lesson Performance Expectation(s):  
 

● Blue bold font: Science and Engineering Practice 
● Regular font: Quoted from Appendix F Practices Matrix  
● Italicized font: Specific storyline context (phenomena / question) 
● Green font: Cross-cutting concept(s) 
● Orange font: Disciplinary Core Ideas (or pieces of these DCIs) 

What We Figure Out (CCCs & DCIs),  
New Questions  and Next Steps 

  
● Green font: Cross-cutting concept(s) 
● Orange font: Disciplinary Core Ideas (or pieces of these DCIs) 
● Purple italicized font: New questions that we now have 
● Purple bold font: Our ideas for the next (or future) steps to pursue.  
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This Lesson….What we are doing now: This is the first lesson in the series. Up until this moment, students may never have considered why antibiotics today don’t work as well as they used to.  
In this lesson you will introduce an anchoring event (Addie’s case) to which you’ll refer throughout the unit. Students will analyze a Frontline video about a pan-resistant bacterial infection case in a 
little girl named Addie. Students will ask questions regarding why the antibiotics aren’t helping Addie get better. You’ll guide them in the decision to start a timeline of facts about what happened to 
Addie and separate out the differences between kinds (species) of bacteria and variations (strains) within each kind. Then the students develop an initial model of their ideas, which will lead to a lot 
of initial questions. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L1: How did this 
little girl (Addie) 
get so sick? 
 

2 periods: 
(55 min + 45 min) 
 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-4 

 

A Frontline video clip 
introduces us to the 
case of a little girl 
(Addie) who came into 
the hospital with a 
bacterial infection. 
After several weeks of 
antibiotic treatment, 
she ends up with life 
threatening 
pan-resistant bacteria. 
 
 

Ask questions that 
arise from careful 
observation of 
unexpected results, to 
clarify and seek 
additional information 
about  how bacteria 
caused   this little girl 
(Addie) to become and 
stay so sick despite 
receiving antibiotics.  
 
Develop models based 
on evidence to predict 
the relationships 
between components of 
a system and to explain 
how bacteria  caused 
this little girl (Addie) to 
become and  stay so 
sick despite receiving 
antibiotics. 

We watched a video about a girl named Addie who gets really sick. After we watched it, we took some time to tease out the 
events that happened. 
 
We noticed some important patterns in Addie’s case and organized these events into a timeline: 

● Addie was cut while playing on the playground in 2011. 
● She went to the hospital after becoming sick due to an infection caused by one type of bacteria from this cut. 
● Doctors gave her an antibiotic that worked for a while, but then stopped working. 
● She ended up getting another infection from a different type of bacteria while in the hospital. 
● Doctors then gave her a different antibiotic that worked for a while, but then it stopped being effective and Addie got 

sicker. They tried a third antibiotic and Addie started to improve, but this antibiotic also stopped being effective and 
she got worse once again. 

● They repeated this process trying every antibiotic available to them. 
 
We identified some important differences in bacteria that the doctors referred to: 

● Addie had a type of bacteria in her lungs that was not the type (pan-resistant) they expected. 
● Pan drug-resistant bacteria have “armor” that the antibiotic can’t penetrate.  
● There are different types of bacteria: resistant vs. non-resistant (susceptible). 
● And there are different kinds of bacteria: Staphylococcus  (staph) and Stenotrophomonas . 

 
We decided it was important to pay attention to the different types and kinds of bacteria, and so we kept track of this information 
in a summary chart. Addie seems to have had infections from two different kinds of bacteria (a) Staphylococcus  and (b) 
Stenotrophomonas . Some of both kinds of bacteria appear to have been killed by antibiotics. On the other hand, some of both 
kinds of bacteria were not killed by those antibiotics. It appears that there are two types of bacteria within each kind of 
bacteria—those that are resistant to one antibiotic (and lived) and those that are not resistant to an antibiotic (and died).  
 
We had some initial questions: 

● How did Addie get so sick? 
● Why did Addie get better for a while and then get sick again? 

 
We developed an initial model to explain: How come Addie got sick, then got a little better, then sick again, and then got a little 
better, and then eventually ended up getting VERY sick? We realized that we aren’t really sure what to put in our models. We 
learned that scientific models include components, mechanisms, and interactions. Once we included these in our models, we 
shared in small groups, went public with our ideas, and we noticed that most of them included antibiotics, Addie’s body, and 
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time. We also noticed lots of differences in trying to explain how these all interacted (what was going on inside of Addie). 
 
 This generated a lot more questions: 

● Why is that happening?  
● Has the same thing that happened to Addie happened to anyone else? 
● Can this happen to me? Am I in danger? 
● From where can you get bacteria?  
● How can a substance that helps wipe out bacteria work for a bit, then stop working?  
● How do antibiotics even work? 
● What happens to bacteria when they enter your body? 
● Is the bacterial infection that Addie picked up from the playground the same that got her so sick?  

 
Next steps: After making a record of our questions, we identify some next steps to pursue. Because we are really 
concerned about whether this can happen to us, we want to know if cases like Addie’s are common, or if this is a pretty 
isolated case. 
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This Lesson….What we are doing now: Students brainstorm relevant experiences and connect this to what they read from the Centers for Disease Control and Prevention (CDC) and other 
sources about methicillin-resistant Staphylococcus aureus  (MRSA). They create and organize a Driving Question Board (DQB) and generate some ideas for next steps for investigations.  

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L2: How 
common is this 
problem? Can 
this happen to 
me? 
 

2 periods: 
 (50 min + 50 

min) 
 
 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-4 

 
 
 

Our own related 
experiences with 
people we know taking 
antibiotics to treat an 
infection 
 
Data from the CDC 
show patterns of 
multidrug-resistant 
infections being fairly 
common: 

 
 
Other public health 
bulletins provide 
information about 
Who’s at risk for 
getting MRSA? and 
about 
Antibiotic-resistant 
bacteria found in public 
places. 
 
Graphs from the CDC 
show historic trends in 

Evaluate and 
communicate 
information by 
comparing and 
integrating multiple 
sources of information 
presented in different 
formats in order to find 
patterns  in the 
information that help 
answer some of our 
questions related to how 
common these sorts of 
infections are now vs. in 
the past,   what kinds of 
resistant bacteria there 
are, and what kind of 
places people get these 
sorts of infections from. 
 
Ask questions that 
arise from seeking 
additional information 
about  patterns  related to 
any other cases like 
Addie’s in the present or 
the past  (pan-resistant 
bacterial infections)   and 
systems  inside and 
outside of bodies 
related to our own 
observations of related 
phenomena 
(experiences with  taking 

We discussed relevant experiences with antibiotics. We talked about times we have been sick and went to the doctor. Did the 
doctor give us medicine? Did we get better? This led us to wonder: Are people often getting infected with resistant bacteria 
today, or was Addie a rare case ?  We brainstormed the types of organizations that would keep track of the kind of information we 
need to help answer these sorts of questions. 
 
We looked at some CDC summary data together and we discovered that today a lot of people get infected with resistant 
bacteria. Then we were wondering: Has this always been the case ? 
 
In jigsaw groups, we looked at more data, and we realized we had even more questions such as: How did this happen that so 
many people are getting MRSA? Why didn’t we know about this until now? 
 
We shared and sorted out what we learned from the readings around some big questions that emerged:  

1.  Who gets MRSA?  
● Anyone can get MRSA. 
● You can get it from lots of different places. 

2. Is there only one type of MRSA? 
● There are more than just two strains of staph. One strain was resistant to two antibiotics, another strain was resistant 

to one antibiotic, and the rest were susceptible to all known antibiotics.  
3. What is the history of resistance to different strains of bacteria? (p. 28 of the CDC report timeline) 

● Some types of bacteria that were successfully treated in the past are the same types of bacteria that are resistant to 
various antibiotics today. 

● Penicillin-resistant Staphylococcus  existed prior to the drug being widely used in public. 
4. How many cases like Addie’s were there in the past?  From the graph of data showing where and when resistance was 
acquired, we figured out 

● that cases like Addie’s are out there; 
● the number of cases like Addie’s are growing over time (since the 1940s); and 
● there were very few untreatable cases long ago (early decades after the 1940s).  

 
But this led us to wonder: What do community-associated resistance and hospital-acquired resistance mean?  We thought that 
maybe findings from one of the other group’s research could help us answer this question . 
 
5. What is the difference between community-associated and hospital-acquired MRSA? 

● Community-associated MRSA is the kind acquired on playgrounds and out in the community. 
● Hospital-acquired MRSA is the type that is acquired in hospitals, often as a result of invasive procedures and/or 

improper hand washing. 
6. Where can people pick up community-associated antibiotic resistant bacteria?  

● Lots of places! Ex. Public buses and trains - on the seats, floor, armrests, gym equipment 
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the number of 
antibiotic-resistant 
infections over the past 
60 years. 
 
HIstorical data from 
the CDC show when 
the first occurrence of 
antibiotic-resistant 
infections were noted. 
 
A summary from the 
NIH provides 
information on the 
known types of MRSA 
and the average 
percentage of people 
that have staph on 
their bodies. 
 
Our own experiences 
we’ve had where we 
think we might have 
picked up an infection 
from something else in 
the environment 
around us. 

antibiotics to fight a 
bacterial infection ). 

 
After coming to these conclusions, we had some new questions and new concerns. We couldn’t believe that one third of us have 
resistant bacteria on our skin right now. This led us to wonder: 

● Where do we pick up this kind of bacteria and where do we get bacteria from in general?  
● If Addie got hers from the playground and the hospital, where else do bacteria live? How could we investigate where 

bacteria are found in our world?  
● We think bacteria might be everywhere. Are they really everywhere, or are they found only in dirty places? How do we 

get rid of them? 
 
Thinking about our related experiences where we might have picked up an infection from something else in the environment 
around us, and all of the readings, we revisited our initial questions. We saw that we had answered some of our initial 
questions from Lesson 1, so we checked those off.  
We built a Driving Question Board with new questions:  

● Did Addie have both community-associated and hospital-acquired MRSA? 
● Why are so many more people getting this now as compared to in the past? How did this happen?  
● If these resistant bacteria have always been around, why is resistance increasing? 
● Where are these resistant bacteria coming from?  
● What will keep happening in the future?  
● Why am I just hearing about this now?  
● How can we make sure that other people know about this? How can we protect ourselves and people in our 

communities from getting this scary bacteria?  
 
As we added questions to the DQB, we started to notice patterns  that emerged in our questions and decided to sort our 
questions into categories (Inside of Addie, Outside of Addie). We brainstormed some initial ideas about how we could investigate 
our questions. 
 
Next steps: We want to find out where bacteria are found in our  world and how we get rid of them. People should know 
about this. We need to get the word out, because we don’t want to get these antibiotic-resistant bacteria (we are very 
worried). We want to figure out ways to protect ourselves and others from getting these bacteria. 
 
Optional: We were curious about how Addie is doing today, so we watched that section of the Frontline video (48:20-52:25). 
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This Lesson...What we are doing now: Students will discuss where bacteria might be growing or not growing around us. Students will brainstorm places in our environment that 
would have more bacteria and assist in designing an experiment to provide evidence to support their claim. Questions may include: Where can we find bacteria? How do bacteria get 
on us from the environment? How can we get bacteria off of us? The teacher will safely guide groups to carry out the experiments using nutrient agar Petri dishes and sterile cotton 
swabs. (This experiment is best run for 72 hours, so start on a Thursday or a Friday.) 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L3a: Where are 
the bacteria 
around us? 
 

2 periods: 
(50 min each) 

 
An alternate 
lesson plan 

(L3a-alternate) is 
provided for 

classes that will 
not be having 

students culture 
bacteria samples. 

 1 period: 
(50 min) 

 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-4 

 

Because Addie picked 
up bacteria from a 
hospital (which we 
consider clean) and 
from a playground 
(which can be dirty) 
and we can’t see 
bacteria around us, we 
realize that bacteria 
could be anywhere 
(clean or dirty). 
 
Experiences we’ve had 
with washing our 
hands with soap or 
hand sanitizer 
 
Experiences from 
when we were younger 
of trying to catch living 
critters and bring them 
home in a container 
 
  

Planning and Carrying 
Out Investigations:  
Plan and conduct an 
investigation in a safe 
and ethical manner 
including personal 
impacts such as health 
safety to serve as the 
basis for evidence as 
part of supporting 
explanations for how do 
we know bacteria are 
there even though we 
can’t see them and 
designing experiments 
to explain patterns such 
as, “bacteria seem to be 
in places that have water 
or more people,” etc. 
Consider possible 
confounding variables or 
effects and evaluate the 
investigation’s design to 
ensure variables are 
controlled such as using 
Petri dishes across 
experimental groups and 
swabbing the same way. 

Students have just figured out that we have some questions to answer, and they have developed some initial investigation 
ideas. People around the world are reporting cases of infectious bacteria that are resistant to antibiotics. In our classroom, about 
one third of the individuals have antibiotic-resistant bacteria on them or in them. 
 
We shared ideas about where we might pick up bacteria. We thought that clean or disinfected surfaces shouldn’t have any or 
many bacteria. There should be a lot of bacteria in dirty places. But the more we thought about it, the more we realized we can’t 
see how clean or dirty something is at a microscopic level. In addition, we were curious about how bacteria could get inside us. 
Based on prior knowledge, we brainstormed ways they might get into us: 

● They could come in through our nose or mouth when we inhale. 
● They could get in through cuts in our skin. 
● They might be in some food we eat or in something we drink. 

 
We predicted there are bacteria in some places in our room or school even though we can’t see them. We also wanted to know 
how we get bacteria on our bodies, and what we can do to remove them from our skin. We are excited about thinking where 
bacteria can come from, but we don’t know how we can actually tell if we have bacteria growing in those places. This led us to 
wonder:  How can we figure out if there are bacteria growing on our drinking fountains, chairs, etc. ?  
 
We brainstormed how we can test our ideas and formed some questions we could investigate. We placed similar ideas together, 
and we grouped them under three categories of questions:  

1. Where can we find bacteria? 
2. How do bacteria get on us from the environment?  
3. How can we get bacteria off of us? 

 
We wanted to make sure we have investigations that help us figure out where bacteria grow, how they can get on us, and if we 
can get them off our skin. But we still are struggling to design an experiment to investigate our questions. We realized that 
bacteria can make us sick so we decided that perhaps we should use instructions that have been designed by others with safety 
in mind. We might have to modify the instructions depending on which questions our groups decide to investigate.  
 
This led us to wonder: What do bacteria need to grow and reproduce?  
 
Our teacher showed us a sterile Petri dish filled with a substance called agar, which scientists use as the environment to put 
samples on to see if bacteria will grow from that sample. We read the recipe for the agar and argued that because it contained 
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nutrients, and bacteria need nutrients, the agar must provide the nutrients bacteria need. We also argued that we probably need 
to keep them warm enough, too.  
 
We used these tools in an experimental design plan our teacher gave us and then we modified as needed. We prepared our 
Petri dish experiments using strict safety protocols. We predicted that washing our hands with soap or using hand sanitizer will 
show less bacterial growth on the agar in our plates. We think maybe soap or hand sanitizer kills bacteria, but we really are not 
sure why or how.  
 
Next steps: We want to figure out how antibacterial products get rid of bacteria. We also want to gather information 
about how people we know use antibiotics, so our home-learning assignment before the next lesson is to go home and 
ask some family members and friends about a time they needed antibiotics. 
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This Lesson….What we are doing now: After reviewing survey data from the previous lesson, students discover that many people do not follow the recommendations of the CDC to finish all of 
their prescribed antibiotics. They ask questions about why people don’t complete their antibiotic prescriptions, despite the effectiveness of the antibiotics over time. They then gather information 
on how antibiotics work from a video clip and a series of short readings and share those out.  

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L4: How are we 
using our 
antibiotics? 
 
(And how do 
antibiotics 
work anyway?) 
 

1 period: 
(50 min) 

 
 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-4 

 
 
 

Results from our 
home-learning survey 
reveal patterns (e.g., 
most people were 
prescribed an antibiotic 
for 10 days, some for 4 
days; some people 
stopped taking it, some 
finished the whole 
bottle of medicine). 
 
CDC provides 
recommendations for 
antibiotic use and 
preventing antibiotic 
resistance (e.g., need 
to take antibiotics for 
10 days or full course). 
 
A video shows that 
some kinds of 
antibiotics cause 
bacteria to explode.  
 
Short readings provide 
summaries of other 
ways that antibiotics 
kill bacteria. 
 
Bottles of hand 
sanitizer and antibiotic 
soap state that they kill 
less than 100% of 

Analyze data to 
compare and contrast 
data sets to examine 
inconsistencies 
(between   patterns   in our 
survey results and CDC 
recommendations for 
antibiotic use) to help 
define problems  related 
to designing a more 
effective public health 
message (infographic) 
that includes 
understanding how and 
why antibiotics work (or 
stop working) . 
 
Obtaining and 
Communicating 
Information: Critically 
read scientific literature 
adapted for classroom 
use to determine the 
central ideas  by 
paraphrasing them in 
simpler but still accurate 
terms for how different 
antibiotics kill bacteria . 
 
 
 
 

Our conversations and surveys with relatives provided evidence that different people are doing different things in terms of taking 
their antibiotics. This raised a new question: What do doctors’ recommendations say we should be doing with our antibiotics?  
 
We read the CDC recommendations and reviewed our survey results: 

● We saw a discrepancy between what the CDC recommends doing and what our friends and family are actually doing. 
● We also noticed that the CDC claims that not following their recommendations is part of what is causing 

antibiotic-resistant bacteria to grow in number.  
● We noticed that the list from the CDC is about “what to do,” but not “why you should do it.”  

 
We were very alarmed by this and wondered: Why aren’t people following these recommendations? 
 
We argued that maybe one reason people don’t do the “what” is because they don’t understand the “why and how,” and we feel 
that we are in the same boat (we aren’t sure how all this works either).  
 
We gathered information about how antibiotics interact with bacteria from a video clip of bacteria under a microscope and 
readings about different types of antibiotics and how they work (which we jigsawed). We pooled our findings together to make 
the claim that different antibiotics have different ways of killing bacteria: (a) dissolving cell membranes, (b) blocking cell wall 
construction, (c) interfering with DNA copying or repair, or (d) blocking protein production. 
 
We wondered why you need multiple doses of an antibiotic, and why a single chemical dose wouldn’t kill all of something at 
once. 
 
We thought of other situations where it takes multiple doses of a chemical to kill all the things in that area (weed killer, bug 
spray). We argued that something might also be going on when we use disinfecting sprays or wipes on our countertops, or used 
a hand sanitizer to kill germs. We assumed those worked the first time, but now we’re not so sure. 
 
We looked at a label of a bottle of hand sanitizer and noticed that it says that it kills 99.99% of germs. This led us to argue that it 
might leave some bacteria behind and they could multiply.  
 
We argued that this could be related to the results we might get in our Petri dishes from swabbing surfaces we thought were 
clean. 
 
Next steps: We want to check in our Petri dishes to see how they are doing. 
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bacteria (i.e., 99.99% 
of bacteria).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

This Lesson….What we are doing now: Students will observe their own group’s Petri dishes as well as other groups’ and construct a scientific explanation to answer some of the questions they 
raised in Lesson 3a: 1. Where can we find bacteria? 2. How do bacteria get on us from the environment? 3. How can we get bacteria off of us? 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L3b: How do our 
Petri dish 
samples (swabs) 
compare? 
 

The amount of 
bacteria growing in 
different 
environments is not 
the same (i.e., the 

Analyze and Interpret 
Data:  Compare and 
contrast data sets 
(self-generated from our 
experiments ) across 
design groups  to 

Some of us revised our predictions about the results of our Petri dish investigations based on what we had figured out in the 
previous lesson, because we now know more about how antibiotics, alcohol and other chemicals that kill bacteria work. We 
decided that in order to answer all of the questions we had (both as a group and as a class), we need time to make 
observations of our own dishes and some time to observe other people’s dishes. 
 
After observing our Petri dishes we found some interesting patterns:  
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1 period: 
(50 min) 

 
Modified 

instructions are 
provided for 

classes that did 
not plate their own 
bacteria, and will 

be using photos of 
results from other 
classes (included) 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-4 

 
 

bacteria from the 
drinking fountain are 
different from the 
bacteria on the floor) 
and the type and 
amount of bacteria 
within an 
environment is not 
the same (e.g., 
more pink bacteria 
compared to yellow 
in the drinking 
fountain, more 
bacteria grew in the 
sample before the 
antiseptic was 
placed compared to 
after). 

 
 
 
 
 
 

examine consistency of 
observations in order to 
identify   patterns  in the 
data that  can be used 
as evidence to help 
answer our questions 
that our class developed 
related to  where can we 
pick up bacteria, how 
can they get on us, and 
how can we get bacteria 
off of us? 
 
Construct 
Explanations: 
Construct an 
explanation based on 
valid and reliable 
evidence obtained from 
students’ own 
investigations, 
referencing different 
patterns  observed in our 
Petri dishes  along with 
an application of related 
scientific reasoning 
about what living things 
(bacteria) need from 
their environment, 
targeted at answering 
our classes’ questions. 

● There are bacteria everywhere, particularly in places that we don’t clean very often.  
● There are a lot of bacteria in places where people or other animals touch often. 
● The growth on our plates is not the same (e.g., our hands have a lot of different types of bacteria on them). 
● If we washed our hands or used hand sanitizer, there was less bacterial growth, but not all of it went away. 

 
We constructed scientific explanations to answer the questions that led us to this investigation originally, using evidence we 
collected from this investigation: 

●   Where can we pick up bacteria?  
○ We can get bacteria from the surfaces of many objects in the world around us, even places that look clean.  
○ Some places contain more bacteria than others. 

● How can bacteria get on us from things in the environment? 
○ Bacteria can be moved around by contact between two objects (one that the bacteria was on to a new object that 

comes in contact with it). 
○ Directly touching stuff that has bacteria on it can get it on our skin; touching stuff can transfer bacteria that is on our 

skin to it. 
● How can we get the bacteria off us? 

○ Surfaces that are cleaned tend to have less bacterial growth than those that are not cleaned as often. 
○ A single cleaning from a hand sanitizer doesn’t kill all the bacteria on our skin.  

 
Comparing these patterns of growth raises a new question:  How is it possible that when we first swabbed the Petri dishes, we 
saw no bacteria on the agar, but now a few days later we do see bacterial colonies on the agar? 
  
We argued that we think this has something to do with the nutrients in the agar that are contributing to an increase in the size of 
the colonies, because we know that nutrients provide building blocks for all living things. We also agreed that we think the 
colonies are growing. But that raised some new questions: 

● Were there more individual bacteria or just larger bacteria?  
● How many bacteria are in one of these spots on the agar anyway? 

 
Next Steps: We decide we would be able to answer these questions if we could see the bacteria up close. We thought 
looking at them through a microscope would help us get a better sense of what kind of growth was happening, how big 
they are, and how many bacteria there are in these spots. 
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This Lesson...What we are doing now: Students observe a time-lapse video of bacteria growing and reproducing on agar. They construct a mathematical model to predict how the size of a bacterial 
population would change over many hours (with unlimited resources). They argue for whether or not this growth pattern in their Petri dishes would continue for many weeks to come. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L5: How do 
bacteria grow?  
 

1 period: 
(50 min) 

 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS2-1 

 

The results from our 
Petri dish 
investigations 
(appearance of visible 
spots of growth in our 
dishes after a couple 
days) 
 
A time-lapse video of 
bacteria growing and 
reproducing on agar 
shows cells growing 
and splitting in half. 
 

 

Develop and use a 
model (mathematical 
and computational) to 
generate patterns in 
data to support 
explanations of  how the 
spots of bacteria 
appeared so quickly in 
the Petri dishes  and to 
predict  the scale and 
quantity  of  population 
size  of bacteria in our 
Petri dishes.  
 
 

We wondered what bacteria looked like under a microscope and what they looked like when they are growing.  
 
We analyzed some images and a time-lapse video of bacteria (E. coli ) growing on agar in a Petri dish. We noticed the following 
patterns: 

● Bacteria are microscopic and an individual bacterium is made of one cell. 
● A bacterial colony is actually made of many individual bacteria. 
● When the colony grows, it is due to one old bacterium growing in size and then splitting in half producing two bacteria, 

so the two new bacteria are the same size as the original old bacterium (reproduction: one bacterium becomes two 
total bacteria, not three total bacteria).  

 
We recalled from middle school a general model of reproduction of single-celled organisms like 
bacteria: (a) they don’t need to find a mate and (b) they need food to do this (provides building blocks 
for the old cell to make new [extra duplicate] cell parts). 
  
We argued that we could quantify the amount of growth we have on our plates using this information. 
We constructed a mathematical representation using information from the time-lapse video (bacteria 
double every 20 min under ideal conditions). We calculated that a single bacterium could grow and 
reproduce into 1 million new individuals within 7 hours.  

 
When we plotted the numbers on a graph, we got an exponential growth curve. 
 
But this raised a new question: Will the bacteria in our Petri dishes continue to grow this quickly forever? We argued that our 
representation on graph paper can only get us so far and it doesn’t include some of the complex interactions between other 
factors that might influence the population growth in a Petri dish. We learned that scientists often use simulations to help them 
model a complex system.  
 
Next Steps: In our home-learning, we identify things we want to include in our simulation based on what we know about 
bacteria so far to help us answer the question, “Could bacteria continue to grow in an environment unhindered?” and we 
want to explore such a simulation next time. 
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This Lesson...What we are doing now: Students identify the components and interactions they would need in a computer simulation of bacterial growth in a Petri dish. Using a computational model 
(NetLogo), they investigate the effects of competition for space on bacterial growth and trait distributions in the population.  

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L6: How do 
bacteria grow in a 
simulated 
environment?  
 

1.5 periods: 
(50 min + 25 min) 

 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2  

 

A NetLogo Model 
(http://infection.inquiry-h
ub.net) produces 
different emergent 
phenomena depending 
on the initial placement 
of bacteria in an 
environment. In some 
conditions, different 
lines of bacteria end up 
producing relatively 
equal proportions of 
offspring in the total 
population, while in 
other cases they do not. 
 

 
 

Use a computational 
model to figure out how 
space availability  affects 
the size of a population 
and the distribution of 
types of bacteria  in a 
simulated environment. 

We shared the components and interactions that we wanted to include in our simulation, based on what we know about bacteria 
so far, to help us answer the question, “Could bacteria continue to grow in an environment unhindered?”  
 
Using a computer simulation, we conducted two investigations that included most of these components and interactions. We 
constructed mathematical representations for the proportion of each variation in the population (percentage graphs).  
 
We noticed some patterns in the data: 

● Each variation that reproduced and created a new individual bacterium had the same variation as the parent. 
● All the different variations of bacteria grew at about the same rate.  
● Sometimes one variation produced more individuals, but no one variation seemed to have an advantage over another 

one over multiple runs—the differences in outcomes all seemed due to where the bacteria were randomly located in 
the environment (space available). 

● The growth rate of the bacteria slows down as the amount of space remaining decreases. 
● Population size increases until the bacteria run out of space. 

 
We noticed similar patterns of growth in our own Petri dishes.  
 
Based on this evidence, we argued that the reasons for the patterns we see in both the 
simulation and our Petri dishes are the same: bacteria are competing for a limited resource 
(space). In our Petri dishes, that competition for space includes food as a resource.  
 
But now that we have seen how bacteria can grow, we are still wondering about how doses 
of antibiotics and antiseptics would affect the population growth of the bacteria.  
 
Next Steps: We want to further investigate the interactions between population size, antibiotic dosing, and reproduction 
next time. 
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This Lesson...What we are doing now: Students investigate how antibiotics work in combination with reproduction of bacteria by creating a mathematical model. They ask questions about why 
people don’t complete their antibiotic prescriptions despite the effectiveness of the antibiotics over time and develop a list of model components . Finally, students relate what they learn about 
these different interactions to explain why bacterial growth is different in various environments, and they learn about the importance of following CDC recommendations.  

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L7: How do 
bacteria get 
killed?  
 

1 period: 
(50 min) 

 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-4 

 
 
 

Bottles of hand 
sanitizer and antibiotic 
soap state that they kill 
less than 100% of 
bacteria (e.g., 99.99% 
of bacteria). 
 
Old medicine bottles 
for antibiotics provide 
instructions to take the 
full dose (or X number 
of doses). 
 
Previous phenomena 
from previous lessons  
 
 
 
 
 
 
 
 
 
 

Use mathematical 
thinking to develop 
mathematical 
representations (tables 
and graphs ) of 
phenomena ( changes  in 
population size over 
time)  to support claims 
of why  it takes multiple 
doses of antibiotics to 
wipe out a large 
bacterial population. 
 
Construct an 
Explanation: Apply 
scientific ideas (about 
reproduction rates and 
probabilities of dying ) 
and evidence (from 
patterns  in a 
mathematical model)  to 
provide an explanation 
of why it is necessary to 
take all of the 
prescribed doses of 
antibiotics, even when 
we are already feeling 
better in advance of 
finishing them and how 
what we discovered 
might be relevant for 
explaining what might 
have happened in 
Addie. 

We figured out that bacteria are competing for space in our Petri dishes. This led us to conclude that anytime we leave a living 
bacterium behind, it could reproduce exponentially (given unlimited resources), or it could survive for a while waiting for a food 
source (living on its stored food). We thought maybe this is what happens to bacteria in us (or in Addie) when they aren’t killed. 
They have everything they need for a bacterial population boom. Maybe this is part of why the CDC recommends you take all of 
your antibiotics. 
 
If this is how antibiotics work, why don’t all bacteria die after the first day of antibiotics? Why do you have to take dose after 
dose?  We saw labels on antiseptics that claim to kill 99% of bacteria or 99.99% of bacteria.  
 
We used this idea to mathematically model an example of 90% of the bacteria being killed by each antibiotic dose starting with 
an infection of 1,000,000 bacteria and found some interesting patterns. From our mathematical 
modeling, we discovered that a single dose probably won’t completely kill off a large bacterial 
population, and repeated doses could increase the odds that we kill off all the bacteria from an 
infection. 
 
We combined the effects of antibiotics along with the rate of bacterial reproduction to make new 
mathematical predictions of what would happen to the size of a bacterial population if (a) we 
started with an initial infection of 1,000,000 bacteria, (b) the antibiotics were given every 4 hours 
and were 99.99% effective, and (c) any surviving bacteria continued to double every 20 minutes. 
 
We used our mathematical models as evidence in an explanation of why it is necessary to take all 
of the prescribed doses of antibiotics, even when we are already feeling better in advance of 
finishing them and how what we discovered might be relevant for explaining what might have happened in Addie. 
 
We wondered if we would see these sorts of population changes happening in a real bacterial population over multiple doses of 
antibiotics?  
 
Next steps: We have some ideas about how we could design a new investigation using the Petri dishes again to 
investigate this question. 
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This Lesson….What we are doing now: Students will plan and carry out an investigation in order to explain the relationship between bacteria and antibiotics. Students will make predictions about 
the behavior of bacteria when exposed to different strengths of antibiotics. Students will ultimately use this information from this investigation to help explain why antibiotics are not working for 
Addie. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out  (CCCs & DCIs), New Questions  and Next Steps 
  

L8a: How do 
antibiotics affect 
bacteria when they 
are put together? 
 

1 period: 
(60 min) 

 
The plating should be 
done on a Thursday 
or Friday so the 
bacteria can grow 
over a weekend. To 
accommodate this, 
you can do L8a before 
L7. If you are not able 
to plate bacteria, there 
is an alternate option 
within the lesson plan. 
 

 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2  
HS-LS4-3 
HS-LS4-4 

 

Sample protocol of a 
science fair project 
outlines the protocol 
used in an 
experiment where 
bacteria are plated 
in a Petri dish and at 
the same time, 
antibiotics are 
administered.  
 
A demonstration (or 
Video) of a filter 
paper disk soaked in 
a food coloring 
solution placed on 
agar in a Petri dish 
shows it gradually 
spreading out from 
the disk and 
developing lighter 
coloring the farther 
out it diffuses after 5 
minutes. 
 

Plan and carry out 
investigations 
collaboratively, in a safe 
and ethical manner 
including personal 
impacts such as health 
safety, to produce data 
to serve as the basis for 
evidence as part of 
building explanations for 
phenomena related to 
patterns  we predicted 
and observed about  how 
do antibiotics  (cause) 
affect a population of 
bacteria  (effect)  in our 
Petri dishes when they 
are put together? 
 

After constructing mathematical models of the effects of antibiotics on bacterial growth and reproduction, we were interested 
in seeing these effects firsthand. We wanted to see how many bacteria die and also how many live and continue to 
reproduce after an antibiotic is introduced to the agar in a Petri dish plated with bacteria. We compared some ideas 
regarding how we might set up such an investigation. 
 
We argued for the need to follow a very strict and safe protocol in our class for this sort of investigation, because the 
procedures in this experiment could potentially end up harmful to humans. We agreed that without controlled variables and 
instituting safe procedures, we run a risk to ourselves and to others. We read through a recommended safety and procedure 
protocol and then we executed our experimental plan.  
 
As we began to consider how to design an investigation to mimic how antibiotics travel in order to fight bacteria (they enter 
our bodies at a single point and then disperse), we brainstormed examples of what this might look like. We analyzed the 
diffusion of dissolved particles (using a different substance—food coloring) as they traveled through the agar in a Petri dish. 
 
We used this phenomenon to help design an investigation plan following strict safety protocols. We drew some diagrams 
showing our predictions of what we might see in the Petri dishes some days from now when we will find both dead and living 
bacteria. Our predictions raised some new questions: 

● We think the bacteria should die after coming in direct contact with the antibiotic, but will the bacteria die in other 
places on the agar where they didn’t come in direct contact with the antibiotic? 

● Will the bacteria remain dead or come back to life?  
 
We set up our investigations. 
 
Next steps: We are excited to check on our future results, but know that it will take a couple days to see the effects 
(just like it did in Lessons 3a and 3b). We think we have figured out some pieces to help answer one of the 
questions: Why did antibiotics stop working for Addie?  We want to take stock to see what we have figured out so 
far and regroup. 
 
(If you are not able to plate bacteria, there is an alternate option within the lesson plan.) 
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This Lesson...What we are doing now: Up until this lesson, students have not looked back at all of the phenomena we have investigated at the same time in order to attempt to understand why 
Addie would begin to feel better and then become very sick again. Students will take stock of what we figured out so far and use these ideas to try to explain why antibiotics did not kill all of the 
bacteria Addie had after she was placed on the ECMO machine. This attempt at an explanation will help students identify gaps in what they cannot explain and will surface new questions that they 
have about the case and about resistance in bacteria. These new questions will create a need to engage in the next investigation in order to see more clearly and understand the interactions between 
bacteria and antibiotics. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out  
 (CCCs & DCIs), New Questions  and Next Steps 

L9: What’s 
happening inside 
Addie?  
 

1 period: 
(50 min) 

 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-4 

 

All previous 
phenomena so far, 
taking stock and 
determining future 
direction 

Develop and use a 
model based on 
evidence to illustrate the 
relationships between 
components of a system 
and  different scales 
(human body systems, 
population of bacteria, 
and individual bacteria) 
using scientific 
principles we have 
figured out so far  to 
explain why antibiotics 
stopped working for 
Addie. 
 
 

Because it will take a few days to get test results from the bacteria and antibiotic experiment we set up, we decide to take stock 
of what we have figured out so far.  
 
We used our Incremental Modeling Tracker to revisit the phenomena that we have investigated. We discussed what we have 
figured out and what pieces of the puzzle we might be missing or might want to add. After small group sharing in jigsaw groups, 
we reported our findings to the whole class. In this Building Understandings Discussion, we pulled together some pieces of the 
puzzle regarding what was happening across three different systems (Addie, Petri dishes, previous NetLogo computer model) 
related to these different components and interactions in each system:  
 

● Are there different kinds of bacteria?  
● Are there varieties of bacteria within the same kind? 
● Did the bacteria move into or out of the system? 
● Were antibiotics added to the environment? Are the antibiotics and the bacteria interacting? 
● Were some of the bacteria dying?  
● How are the bacteria reproducing? 

 
After comparing the three systems, we added any new information to our Incremental Modeling Tracker that we had not 
recognized as being a common interaction/mechanism across systems. 
 
From this system comparison, we identified additional objects and interactions we wanted to include in a revision to the previous 
computer simulation that would help us understand and explore some of the phenomena we still have questions about. We 
argued that we needed to include 

● interactions with antibiotics (which would kill off some of the bacteria); 
● different variations of bacteria (resistant and nonresistant); and 
● a way to transfer bacteria in and out of the system (into a patient and out of the patient, or into and out of a Petri dish). 

 
Next Steps: We wanted to see how antibiotics and bacteria would interact with each other in this revised computer 
simulation next. 
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This Lesson...What we are doing now: Students will need to conduct a computer simulation using a web browser to carry out two investigations. Each investigation will provide them with a new 
piece of the puzzle toward helping them develop a model of natural selection to explain certain variations of bacteria (individuals with fewer pores in their cell membranes) as they become far 
more prevalent (or become the only variation) in the population over time under certain environmental conditions. If students are struggling to make this connection or they want to investigate it 
further, they can do a third investigation to provide more evidence for a population shift over time due to changing environmental conditions.  

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out  (CCCs & DCIs), New Questions  and Next Steps 
  

L10: How do 
different doses 
of antibiotics 
affect a 
bacteria 
population in a 
simulated 
infection? 
 

2 periods: 
 (60 min each) 

 
Additional 30 

min for 
OPTIONAL 

Investigation 3 
 
 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4 

 
 
 

A NetLogo Model 
(antibiotics.inquiry-hub.
net) produces different 
emergent phenomena 
when antibiotics are 
introduced in an 
environment with 
bacteria in it. Shifts in 
the distribution of 
heritable trait 
variations in the 
population occur in 
different conditions. 
  

 
 
 
 

Use a computational 
model to figure out how 
a combination of  limited 
resources (space), 
antibiotics, and 
reproduction,  affects   the 
size of a population and 
the distribution of trait 
variations in a bacteria 
population  in a 
simulated infection.  
 
Develop a model to 
provide a mechanistic 
account for how 
environmental changes 
(to the amount of 
antibiotics in the 
system )  cause  a 
population of bacteria to 
become more resistant 
to an antibiotic over time 
than they were initially 
(effect),  by shifting the 
distribution of trait 
variations in a bacterial 
population to become 
dominated by 
individuals that have 
trait variations that grant 
them a competitive 
advantage for survival . 

We argued for how combining the mechanisms for antibiotic interactions and reproduction in the same computational model 
would better represent what we think is happening in our Petri dishes and what happened in Addie, and we had a variety of 
predictions about how this would affect the population. So we decided to conduct some computer-based investigations to 
explore this further. 
 
In Investigation 1, we ran the simulation without the reproduction of bacteria and added a single dose of antibiotics to the patient 
until all the antibiotic was used up. We noticed some new patterns in the data: 

● The bacteria with fewer pores seemed to survive better than the other bacterial variations.  
● Sometimes the placement of the bacteria determined which ones had a greater chance of being killed. Those that 

were closer to the top of the simulation were killed more often, because there was a greater likelihood they would 
interact with more antibiotic particles than those that were farther down on the simulation.  

 
Based on this last finding we argued that we needed to conduct multiple trials and statistical analyses to more accurately reflect 
a typical experimental outcome. 
 
In Investigation 2, we ran the simulation with the reproduction of bacteria and repeated doses of an antibiotic. The beginning 
proportions of bacterial variations were different. In one trial, the proportion of bacteria with three pores was highest. In a second 
trial, there was an equal proportion of bacterial variations. In a third trial, the proportion of bacteria with six pores was highest. 
After this investigation, we noticed some new patterns in the data:  

● When the starting population contained a higher proportion of bacteria with three pores, we were unsuccessful in 
killing all of the bacteria after six or seven doses of antibiotic. 

● When the starting population contained a high proportion of bacteria with six pores, we were more successful in killing 
the bacteria after six or seven doses of antibiotic.  

 
We began to make some connections that the variation with three pores has a competitive advantage over the other variations of 
bacteria because the three-pore variety has fewer places for antibiotics to enter the bacteria and kill them. We added our new 
understandings to our Incremental Model Tracking Tool:  

● Individuals with an advantageous variation(s) of a trait, like fewer pores, have better chances to survive the addition of 
antibiotics than those without that variation. 

● The individuals that survived the change in the environment reproduced and increased their variant’s proportion in the 
population. 

 
In the optional Investigation 3, we conducted our experiments with the simulation to explore what conditions tend to result in a 
population that is almost completely wiped out by antibiotics, but then comes back and is now harder to wipe out with a dose of 
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antibiotics. Our explorations included changing the amount of antibiotics in a dose, how frequently doses were administered, and 
skipping doses. Based on the results of different groups, we noticed some new patterns in the data: 

● There was a noticeable shift in the distribution of traits in the population that occured with each new dose, resulting in 
a higher and higher percentage of individuals with fewer pores in their cell membranes. 

● Certain variations (individuals with few pores in their cell membranes) become far more prevalent (or become the only 
variation) in the population over time. 

 
We used our new understandings to come up with ideas to help explain 

● what might have happened inside of Addie (or other patients); 
● what might happen in our Petri dishes; and 
● what might be relevant to our infographic to help explain what antibiotic resistance is and what causes it. 

 
Next steps: In our home-learning we started comparing similarities across two systems: (a) replating some of the 
bacteria that survived a dose of antibiotic into a new dish and (b) transferring bacteria in an infection from one person 
to another before that first person has finished taking all of the prescribed antibiotics. We predicted how being able to 
transfer a sample of bacteria out of the simulation, after getting dosed once with an antibiotic and then reintroducing it 
into a new system to regrow, would help us better understand, explain, and predict what is happening in BOTH of these 
systems. 
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This Lesson….What we are doing now: Students will figure out that there is a ring on the agar where no bacteria grow and wonder if the bacteria closer to the antibiotic disks are different 
somehow. They will design and begin an experiment where they take bacteria from near the zone of inhibition and away from it and then replate them so their growth can be compared. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out  (CCCs & DCIs), New Questions  and Next Steps 
  

L8b: What’s 
happening with 
our antibiotic 
experiment? 
 

1 period: 
(45 min) 

 
If you were not 
able to plate 
bacteria, there is 
an alternate 
option within the 
lesson plan to 
analyze results 
from other 
students’ 
experiments. 
 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-4 

 
 
 

Our experiment with 
Petri dishes and 
antibiotics placed in 
the same environment 
shows that the bacteria 
didn’t grow in all parts 
of the dish. 
 
Same phenomena as 
above 
 
 
 
 

Plan and Conduct 
Investigations: 
Consider possible 
confounding variables 
or effects and evaluate 
the investigation’s 
design to ensure 
variables such as the 
amount of bacteria and 
the concentrations of an 
antibiotic are controlled. 
 
 
 
 
 
 
 
 
 

We noticed some interesting patterns in our experiment: 
● Bacteria grew in some places in the dish, but not others. 
● There seem to be rings (called the zone of inhibition) around the antibiotic disks where no bacteria are growing. 
● The diameter of the rings aren’t the same for every concentration of antibiotic.  
● The disks with a higher concentration of antibiotics have a larger diameter ring around them and the disks with a lower 

concentration of antibiotics have a smaller diameter ring around them. 
 
We compared these results to results from earlier Petri dish experiments: 

● We know the environment isn’t uniform throughout the Petri dish. The concentration of the antibiotic is higher closer to 
the antibiotic disks and lower farther away. 

● Based on our earlier investigations, we saw that different bacteria grow in different places in the world around us. 
 
We were wondering whether the bacteria near the rings around the antibiotic disks are different from the bacteria growing far 
away from them. Could we test to see if the bacteria near the rings are the same as the bacteria far away from them? Would 
both grow equally well in separate new Petri dishes with the same concentration of antibiotic they were exposed to in their 
original dish? 
 
We agreed on the need for a very strict, safe protocol to use as we conduct our experiment just as we would when we work with 
chemicals and flames. Without these protocols in place, this experiment could potentially be dangerous. Then we executed our 
experimental plan.  
 
Next steps: In our home-learning, we started comparing similarities across two systems: (a) replating some of the 
bacteria that survived a dose of antibiotic into a new dish and (b) transferring bacteria in an infection from one person 
to another before that first person has finished taking all of the prescribed antibiotics. We wondered how being able to 
remove a sample of bacteria out of a simulated patient who receives one dose of an antibiotic and then introducing it 
into a new simulated patient, would help us better predict or explain what is happening in BOTH systems. 
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This Lesson...What we are doing now: Students will need to conduct a computer simulation using a web browser to carry out two investigations. Each investigation will provide them with a new 
piece of the puzzle, helping them develop a model of natural selection to explain certain variations of bacteria (individuals with fewer pores in their cell membranes) as they become far more 
prevalent (or become the only variation) in the population over time under certain environmental conditions. If students are struggling to make this connection or they want to investigate it further, 
they can do a third investigation to provide more evidence for a population shift over time due to changing environmental conditions.  

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L10: How does a 
bacterial 
population 
change in a 
simulated 
infection? 
 

2 periods: 
 (50 min each) 

 
Additional 30 
minutes for 
OPTIONAL 

Investigation 3 
 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4 
HS-LS4-5 

 
 
 

A NetLogo Model at 
antibiotics.inquiry-hub.
net provides a platform 
to experiment with 
interactions between 
bacteria growth, trait 
variations, a limited 
resource (available 
space), and doses of 
antibiotics.  

 
 
 
 

Use a computational 
model to figure out how 
a combination of  limited 
resources (space), 
antibiotics, and 
reproduction  affects   the 
size of a population and 
the distribution of trait 
variations in a bacterial 
population  in a 
simulated infection. 
 
Develop a model to 
provide a mechanistic 
account for how 
environmental changes 
(to the amount of 
antibiotics in the 
system )  cause  a 
population of bacteria to 
become more resistant 
to an antibiotic over time 
than they were initially 
(effect)  by shifting the 
distribution of trait 
variations in a bacterial 
population to become 
dominated by 
individuals that have 
trait variations that grant 
them a competitive 
advantage for survival . 

We argued for how combining the mechanisms for antibiotic interactions and reproduction in the same computational model 
would better represent what we think is happening in our Petri dishes and what happened in Addie, and we had a variety of 
predictions about how this would affect the population. So we decided to conduct some computer-based investigations to 
explore this further. 
 
In Investigation 1, we ran the simulation without the reproduction of bacteria and added a single dose of antibiotics to the patient 
until all the antibiotic was used up. We noticed some new patterns in the data: 

● The bacteria with fewer pores seemed to survive better than the other bacterial variations.  
● Sometimes the placement of the bacteria determined which ones had a greater chance of being killed. Those that 

were closer to the top of the simulation were killed more often, because there was a greater likelihood they would 
interact with more antibiotic particles than those that were farther down on the simulation.  

 
Based on this last finding, we argued that we needed to conduct multiple trials and statistical analyses to more accurately reflect 
a typical experimental outcome. 
 
In Investigation 2, we ran the simulation with the reproduction of bacteria and repeated doses of an antibiotic. The beginning 
proportions of bacterial variations were different. In one trial, the proportion of bacteria with three pores was highest. In a second 
trial, there was an equal proportion of bacterial variations. In a third trial, the proportion of bacteria with six pores was highest. 
After this investigation, we noticed some new patterns in the data:  

● When the starting population contained a higher proportion of bacteria with three pores, we were unsuccessful in 
killing all of the bacteria after six or seven doses of antibiotic. 

● When the starting population contained a high proportion of bacteria with six pores, we were more successful in killing 
the bacteria after six or seven doses of antibiotic.  

 
We began to make some connections that the variation with three pores has a competitive advantage over the other variations of 
bacteria, because the three-pore variety has fewer places for antibiotics to enter the bacteria and kill them. We added our new 
understandings to our Incremental Modeling Tracker:  

● Individuals with an advantageous variation(s) of a trait, like fewer pores, have better chances to survive the addition of 
antibiotics than those without that variation. 

● The individuals that survived the change in the environment reproduced and increased their variant’s proportion in the 
population. 
 

In the optional Investigation 3, we conducted our experiments with the simulation to explore what conditions tend to result in a 
population that is almost completely wiped out by antibiotics, but then comes back and is now harder to wipe out with a dose of 
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antibiotics. Our explorations included changing the amount of antibiotics in a dose, how frequently doses were administered, and 
skipping doses. Based on the results of different groups, we noticed some new patterns in the data: 

● There was a noticeable shift in the distribution of traits in the population that occured with each new dose, resulting in 
a higher and higher percentage of individuals with fewer pores in their cell membranes. 

● Certain variations (individuals with few pores in their cell membranes) become far more prevalent (or become the only 
variation) in the population over time. 

 
We used our new understandings to come up with ideas to help explain  

● what might have happened inside of Addie (or other patients); 
● what might happen in our Petri dishes; and 
● (if doing Mission Board) what might be relevant to our infographic to help explain what antibiotic resistance is and what 

causes it.  
 
Next steps: In our home-learning, we started comparing similarities across two systems: (a) replating some of the 
bacteria that survived a dose of antibiotic in a new dish and (b) transferring bacteria in an infection from one person to 
another before the first person finished taking all of the prescribed antibiotics. We predicted how being able to transfer 
a sample of bacteria out of the simulation, after dosed once with an antibiotic and then introducing it into a new system 
to regrow, would help us better understand, explain, and predict what is happening in BOTH of these systems. 
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This Lesson...What we are doing now: Students will conduct one more investigation using the computer simulation, which will provide them with a new piece of the puzzle to complete their model 
of natural selection. Students will use their findings from the computer simulation to build out a consensus model as a class to explain how bacteria populations are changing over time. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L11: How does 
moving bacteria 
that survive 
antibiotic doses 
from one 
environment to 
another affect the 
population over 
time? 
 

2 periods: 
 (45 min + 50 min) 
 

 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4 
HS-LS4-5 

 

A NetLogo Model 
(http://contagion.inquir
y-hub.net/) produces 
different emergent 
phenomena when 
random samples of 
bacteria that survive a 
dose of antibiotics are 
transferred to a new 
environment. Shifts in 
the distribution of 
heritable trait 
variations in the 
population occur in 
different conditions.  

 

Use a computational model to 
figure out how transferring a 
sample of a bacteria population 
from one environment to another, 
allowing it to regrow between 
antibiotic doses,  affects  the size 
of a population and the 
distribution of trait variations in a 
bacterial population  in a 
simulated infection. 
 
Develop a model to illustrate 
and predict the relationships 
between  heritable trait variation 
in a population, reproduction, 
competitive advantages for 
survival, and environmental 
changes   to a provide a 
mechanistic account to explain 
how applying antibiotics in some 
situations   (cause) ,   led to a 
population of bacteria developing 
over time that are more resistant 
to antibiotics than they were 
initially   (effect). 

We argued how the transfer of bacteria into and out of one person and into another is similar to and different from how 
you spread bacteria into and out of one Petri dish to another dish. We discussed how conducting an investigation of 
such transfers in the computer simulation we have been using could help us predict or explain what is happening in 
BOTH of these cases. 
 
We returned to the NetLogo simulation and ran a new investigation in 
which we infected patients with a sample from a population of bacteria 
that varied in the number of pores in their cell membranes. We gave a 
single dose of antibiotic, allowed the surviving bacteria to reproduce, 
repeated this process a few times, and we noticed a new pattern: There 
was a noticeable shift in the distribution of traits in the population over 
multiple infections.  

 
We argued that what was happening in these simulations can help us 
develop a model to explain how it is possible that applying antibiotics can 
lead to a population that becomes more resistant to antibiotics than they 
were initially, even when individual traits are not changing and the trait 
variations that an offspring inherits are identical to those of its parent. 
 
In order to answer this question, we developed a model that shows how 
individuals with certain trait variations, which grant them a competitive 
advantage for survival over others in environments with lower doses of antibiotics, could lead to this outcome. 
 
Next steps: We’d like to go back to see if our model can be applied back to Addie. We think what we have 
figured out so far is really close to Addie’s story so we should be able to explain her case.  
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This Lesson….What we are doing now: Students will take stock of what they figured out so far and apply their model of natural selection to explain why didn’t antibiotics kill the bacteria 
that Addie had and why antibiotics don’t work like they used to. This will help prepare them for a summative assessment in the following lesson. For home-learning, students will compare 
their models to those of Darwin and Lamark. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L12: How did the 
bacteria 
population 
become more 
resistant in 
Addie and in our 
community? 
 

1 periods 
50 min. 

 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4 

 

All previous 
phenomena so far  

Develop and use a 
model Evaluate merits of 
two different models of the 
same process, mechanism 
(related to natural 
selection  or system 
(multiple  systems )  in order 
to select or revise a model 
that best fits the evidence. 
 

We developed a model last time to explain how a population of bacteria could change over time to be more resistant, even 
though the individual bacterium can only pass on traits they received from their parent.  
 
We evaluated whether this model can be used to explain the other phenomena we have been wondering about. We argued that 
the same model could be applied to answer: What is happening inside of Addie? And Why don’t antibiotics work like they used 
to? 
 
In small groups, we built a model using the framework of our model from last class to explain what is happening inside of Addie. 
 
We feel pretty good about our model of “what’s going on with Addie.” But our teacher asks us, does this model also explain Why 
there are more cases like Addie’s now than in the past? In a consensus discussion, we figure out how to extend our model of 
Addie to explain this question, which answers our big question of “Why don’t antibiotics work like they used to?”  
 
Next Steps: Then we ask how how general is our model? Can it be used to explain other population changes besides 
those in bacteria? Has this sort of model been used before to explain population changes? Or are there competing 
models? We generated some ideas of things we do to check if this model we developed has been used/applied before 
by other scientists and what competing models there might be for explaining why populations change over time. Then 
for home-learning, we compare our models to people who have done this in the past: Darwin and Lamarck. 
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This Lesson….What we are doing now: Students will continue to carry out their investigation, make observations and record their data about the bacteria population exposed to another round of 
antibiotics. They will find that in some cases the inhibition zone is getting smaller, but in others it is staying the same. They will compare their findings to what they figured out from their simulation 
and make connections to is going on with Addie.  

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L8c: What is 
happening with 
our antibiotic 
experiment? 
 

1 period: 
(45 min) 

 
 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4 

 

Results from previous 
experiment set up in 
lesson 8b or Lesson 8c 
Virtual Investigation 
Results 

Construct an 
explanation 
based on evidence 
obtained from our 
bacteria experiment, 
applying scientific ideas 
that we developed in 
lesson 11,  to answer 
why some lines of 
descendants of a 
population  of E.coli 
bacteria gro wing in 
different parts  (different 
environments)  of a Petri 
dish appear to be 
growing  farther and 
farther  into a zone of 
higher concentrations of 
antibiotics  after each 
additional dose 
(patterns)  of antibiotics. 

We are wondering how much (if any change) we will see in our Petri dishes compared to last time. 
 
We notice some changes in the size of the space where there are no bacteria (inhibition zone). We took a picture of our Petri 
dishes and measure the inhibition zone in centimeters. When we compared the measurements from L8b and see that the 
inhibition zone is definitely getting smaller in the dishes where bacteria were collected close to the inhibition zone. We did not 
see the zone decreasing in the second Petri dish with the bacteria collected far away from the zone. We also noticed that 
sometimes we will see a little colony of bacteria growing inside the inhibition zone. We wonder: What’s going on? Why are we 
seeing this difference?  
 
We document our ideas to explain what’s going on with our bacteria experiment:  

● We think the bacteria popping up inside the inhibition zone must be resistant to antibiotics. We’ve done an experiment 
testing how the antibiotics must be moving out of the filter paper evenly, so we don’t think that antibiotics are just not 
hitting the areas where we see the small bacterial colonies growing in the inhibition zone.  

● Why is the size of the inhibition zone decreasing in the dishes that were made using a sample of bacteria that were 
living closer to the zone of inhibition?  There must be some bacteria in the original sample that are naturally resistant 
and some that are not resistant to this antibiotic. When the bacteria that are resistant to the antibiotic come in contact 
with it, they continue to grow and reproduce, whereas the non-resistant bacteria die. When we take a swab from the 
edge of the zone of inhibition where the concentration of the antibiotic is presumably lower than in the center of that 
zone, we are picking up a bacterial population that has a greater percentage of resistant bacteria and a smaller 
percentage of non-resistant bacteria. We predict that with each successive experiment, the resistant bacteria continue 
reproducing. Most of the non-resistant bacteria in this next round are killed by the antibiotic. A small number of them 
might survive around the edge of the zone of inhibition and are picked up in the next swab. Even more of the 
survivors, however, are resistant bacteria in the next round and the zone of inhibition gets smaller. 

● Why did the size of the zone of inhibition stay the same in the dishes that were made using a sample of bacteria that 
were living far away from the zone of inhibition ? This is a little more challenging to explain: 

○ We’ve done an experiment to test how the antibiotics must be moving out of from the locations where we 
place the filter paper, decreasing in concentration quickly as we get away from the filter paper, so we don’t 
think that there are any antibiotic particles getting to the areas far away from the inhibition zone. 

○ Bacteria that are far away from the zone of inhibition do not come in contact with the antibiotic. Therefore, 
this area of the Petri dish has different environmental conditions than the area closer to the location where 
the antibiotic was added. Both antibiotic-resistant bacteria and non-resistant bacteria live and die at the 
same rate.  
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○ The region in the Petri dish that is far away from the zone of inhibition likely contains both resistant and 
non-resistant bacteria. All of these bacteria are living and dying at a “normal” rate because they are not 
coming in contact with the antibiotic. When a random sample of bacteria far away from the zone of inhibition 
is taken, the proportion of both variations of bacteria does not change when the bacteria are re-plated 
because there is no competitive advantage for one trait variation over the other. All the bacteria are 
competing with each other for space and food. The antibiotic resistance trait offers no advantage under 
these circumstances and so the size of the zone of inhibition doesn’t change from one experiment to the 
next. 

 
We argue that these discoveries are further evidence for what is going on with Addie’s case ( as well as being important 
information to consider using if we are developing a Mission Board).  
 
Next steps: 

● First, we should take what our Petri dish experiment has helped us see and apply it back to Addie.  
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This Lesson...What we are doing now: This is where students will be taking their generalized natural selection model and knowledge gained about how resistant bacteria spread throughout a 
person and a community and create a simplified  version of those explanations to share with their community in an infographic or other public message.  

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L13: How can we 
use our new 
knowledge to 
inform others? 
 

 
3 periods: 

(50 min + 50 min 
+ 50 min) 

 
 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS-4-3  
HS-LS4-4 

 
 

Results from all 
previous lessons and 
Incremental tracking 
tool 
 
 
 
 

Obtain and 
Communicate 
Information: integrate 
sources of information 
to solve a problem 
(people not following 
CDC recommendations 
regarding antibiotics 
use) by communicating 
scientific information 
and ideas about  natural 
selection   (cause)  to help 
explain the  cause  for 
why  antibiotic resistant 
infections are becoming 
more common   (effect) 
and solutions to help 
slow this trend. 
 
 

We compare our home-learning in small groups. We thought our model was more like Darwin’s model because some variations 
have an advantage and those ones get to have babies and pass on their traits.  
Lamarck’s model kind of seems silly now! You can’t just change because it’s better to be something else. 
 
We’re feeling good about what we’ve figured out, but would this “Gotta Have It” checklist and model help us answer all our 
questions on our DQB? Let’s go back to the DQB to see.  
 
As a class, we come up with answers to many of our questions on our DQB and we are feeling prepared to give our models of 
natural selection a test drive. We take an individual assessment to check our understanding. The new phenomenon in the 
assessment was really similar to the bacteria population we’ve been following.  

● Both the aphids and the bacteria were killed by some kind of chemical. In aphids is was a group of pesticides, but in 
bacteria it was antibiotics. 

● Both the aphids and bacteria reproduce asexually. They don’t need to find a mate. 
● Aphids are a little bit bigger than bacteria, but still seem kind of small.  
● In both populations, the bacteria and aphids were more and more resistant to the chemicals over time and the trait 

distributions of resistant vs. non-resistant changed over time.  
 
 
Now that we’ve thought about it, are those characteristics are necessary to see a population change over time? 
Maybe we should look to find a case that needs to find a mate to reproduce and that isn’t killed by chemicals or that’s 
bigger than bacteria or bugs to see if the same thing can happen?  
 
 

 
 
 
This storyline continues into Bends 2 and 3, which will motivate looking at other populations of organisms beyond bacteria. 
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