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GENERAL USE OF Science in the Classroom 

 

Student Learning Goals: 

 “One fundamental goal for K-12 science education is a scientifically literate person who 
can understand the nature of scientific knowledge.”1  

 

The U.S. National Academy of Sciences defines science as: “Any new finding requires 
independent testing before it is accepted as scientific knowledge; a scientist is therefore 
required to honestly and openly report results so that they can readily be repeated, 
challenged, and built upon by other scientists. Proceeding in this way over centuries, 
the community effort that we call science has developed an increasingly accurate 
understanding of how the world works. To do so, it has had to reject all dogmatic claims 
based on authority, insisting instead that there be reproducible evidence for any 
scientific claim.” 

   

An important student learning goal, central to any understanding of “the nature of 
scientific knowledge,” is to give each student an appreciation of how science is done.  

 

This includes knowing why:  

 Scientists must be independent thinkers, who are free to dissent from what the 
majority believes. 

 

 Science can deal only with issues for which testable evidence can be obtained. 

 

 All scientific understandings are built on previous work 

 

 It is to be expected that one scientist’s conclusions will sometimes contradict the 
conclusions of other scientists. 

 

 Science is a never-ending venture, as the results from one study always lead to 
more questions to investigate.   

 

 

 

 

 

 

 

 

 

 

                                                           
1
  A Framework for K-12 Science Education, National Research Council, 2012 



Using This Resource 

 

Learning Lens: 

 
The Learning Lens tool can be found on the right sidebar of each resource and is the 
source of annotations.  Click on the headings to highlight portions of the text of the 
corresponding research article.  A subsequent click on the highlighted text will produce 
a text box containing more information about that particular piece of text.  Below is an 
example of the Glossary function of the Learning Lens.        
 

 

 
 

An example of the resource with the Glossary, Previous Work, Author’s Experiments, 
News and Policy Links, and References and Notes tools turned on.  The Glossary tool 
is in use.   

 

 

 

 



Learning Notes: 

 
Learning Notes accompany each figure and are designed to help students deconstruct 
the methods and data analysis contained within each figure.   

 

 
 

 

 

 

 

 

 

 

 

 

 

 



References: 
 

The Reference section of each resource is annotated with a short statement about how 
or why each reference relates to the current research study. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 



Thought Questions 

 

Thought Questions are located above the Learning Lens in the right sidebar of each resource.   

These questions were written to be universal and applicable to any primary research paper.  

Thought questions do not have a single answer, or a correct answer for that matter, and can be 

used to stimulate discussion among students.   

 

 

 

 

 

 

 

 

 

 

 

 

 



Suggestions for Classroom Use: 

 

In addition to the thought questions discussed above, other resources are provided for 
use in the classroom. These can be found toward the end of the teacher guides 
associated with each specific article and include: 

 

1. Discussion questions specific to the article, related to the standards, and/or 
associated with the figures. 

 

2. Activities tied to the articles.  

 

 

 

Some ways to use the Science in the Classroom articles: 

 

1. Assign to student groups to read and discuss during class. 

 

2. Assign small sections of the article to student groups to read and discuss during 
class, with the expectation that they will present or use jigsaw to teach the entire 
class what is in their part of the article.  

 

3. Assign to individual students to complete during class or as homework.   

 

4. Assign reading as an extra credit project. 

 

 

 

Some ideas for interactive student engagement after reading the article: 

 

1. Students write answers to discussion questions (for example, those linked to the 
standards or those linked to the diagrams).  

 

2. Go over the abstract, as well as information about the purpose and structure of 
an abstract, and have students write their own abstracts for the articles in 
language that could be understood by their peers. 

 

3. Have students edit the article, or parts of the article, to a simpler reading level. 

 

4. Have students, alone or in small groups, use the annotated list of references to 
explain how the scientists who wrote this article built on the published work of at 
least one independent group of scientists in making their discoveries.  In the 
process, did they produce data that supports the findings of the earlier 
publication that they have cited in the text? In what way does this article support 
the statement that scientific knowledge is built up as a “community effort”?    



                                      

5. Use the article and discussion questions linked to the standards and the 
diagrams for a teacher-led classroom discussion. The discussion can focus on 
the nature of science and scientific research, as well as on the science in the 
article itself. 

 

6. Have students give a classroom presentation about the article, parts of the 
article, or their answers to discussion questions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ARTICLE-SPECIFIC MATERIALS 
 

Background information for the Teacher 

 
 
Connections to the nature of science from the article 
 
Different types of bacteria make up the microbiota in obese and lean individuals.  

However, it is not known whether differences in the microbiota cause obesity and 

related metabolic disorders, or whether they are a symptom of these disorders.  This 

paper demonstrates that shifts in the microbiota can cause dramatic changes in host 

health, including body weight, suggesting that they contribute to the development of 

obesity. 

 
 
The importance of this scientific research  
 

Obesity is a serious public health issue in the United States and other countries.  

Learning more about factors that influence obesity – as well as ways to combat it – has 

the potential to advance our treatments for this problem of great medical importance. 

 
 
 
The actual science involved 
 

 transplanting the microbiota from human donors into germ-free mice 

 assessing the weight and body composition of mice with different microbiotas 

 determining which bacteria are present in a mouse gut using ribosomal RNA 

sequencing, and looking at how these abundances change over time (invasion 

analysis) 

 detecting metabolites (metabolic products) using mass spectrometry 

 
 
 
 
 
 
 
 



Connect to Learning Standards: 

 

1. AP Biology 

Essential knowledge 4.A.5: Communities are composed of populations of organisms 

that interact in complex ways. 

http://media.collegeboard.com/digitalServices/pdf/ap/ap-biology-course-and-exam-

description.pdf 

 

2. Next Generation Science Standards 

Practice 5, using mathematics and computational thinking 

http://www.nap.edu/openbook.php?record_id=13165&page=51 

 

3. Next Generation Science Standards 

Practice 4, analyzing and interpreting data 

http://www.nap.edu/openbook.php?record_id=13165&page=51 

 

4. AP Biology 

Essential knowledge 4.B.3: Interactions between and within populations influence 

patterns of species distribution and abundance. 

http://media.collegeboard.com/digitalServices/pdf/ap/ap-biology-course-and-exam-

description.pdf 

 

5. Next Generation Science Standards 

Practice 2, developing and using models 

http://www.nap.edu/openbook.php?record_id=13165&page=50 

 

 

 

http://media.collegeboard.com/digitalServices/pdf/ap/ap-biology-course-and-exam-description.pdf
http://media.collegeboard.com/digitalServices/pdf/ap/ap-biology-course-and-exam-description.pdf
http://www.nap.edu/openbook.php?record_id=13165&page=51
http://www.nap.edu/openbook.php?record_id=13165&page=51
http://media.collegeboard.com/digitalServices/pdf/ap/ap-biology-course-and-exam-description.pdf
http://media.collegeboard.com/digitalServices/pdf/ap/ap-biology-course-and-exam-description.pdf
http://www.nap.edu/openbook.php?record_id=13165&page=50


Summary of the Article for the Teacher: 

It is recommended that this not be used by students in place of reading the article.   

 
General Overview: 
 
Every human body is home to ten times more bacterial cells than human cells.  How 

much do they affect our metabolism and body weight, and how does this relate to 

obesity?  Using carefully controlled experiments performed with mice, this paper reports 

the interesting finding that the change in composition of gut microbes in obese animals 

can reverse the increased body fat typical of obesity, but this effect depends on eating a 

healthy diet. 

 
Topics Covered: 
 

 microbiota 

 obesity 

 metabolic disorders 

 bacterial community composition analysis 
 
 
Why this Research is Important: 
 
The microbiota is increasingly recognized as playing an important role in the health of 
its host – our metabolism and physiology are affected by which bacteria are in our 
digestive system, and how they break down the food we eat.  Differences in the 
microbiota between obese and lean people lead to different phenotypes such as weight 
gain and body fat.  Even more interestingly, when obese mice eat a healthy diet and live 
with lean mice, they lose weight and fat mass, acquire a microbiota typical of lean mice, 
and show signs of greater health.  This has implications for treating human obesity, 
through changing diet and the microbiota. 
 
Methods used in the Research: 
 

 body composition analysis of mice (using quantitative magnetic resonance) 

 bacterial community composition analysis (by sequencing a conserved ribosomal 
RNA gene) 

 chromatography/mass spectrometry to identify and quantify levels of metabolites 
from within the mouse gut 

 
Conclusions: 
 
The microbiota is dynamic – its composition can change depending on several factors.  
Which bacteria are able to effectively colonize a host most likely depends on the diet of 



the host, since some bacteria are better at metabolizing certain foods than others and 
therefore may be able to thrive when provided with their preferred food source.  The 
findings in this paper provide greater insight into how the microbiota affects the 
metabolism and physiology of the host.  It is encouraging that changes in the microbiota 
(the colonization of obese mice by ‘lean microbes’) can lead to dramatic weight loss, 
lower fat mass, and more favorable metabolic states compared to obese mice. 
 
 
Areas of Further Study: 
 

 Is there a minimal number of (culturable) bacteria that can confer a lean phenotype 
on an obese mouse?  What are these bacteria, and what functions do they perform 
in the host?  How do they interact with each other? 

 

 Which components of the host diet are most important for the ability of the lean 
bacteria to invade the obese mouse gut? 

 

 This study and others have identified metabolites (metabolic products) whose 
abundance differs between lean and obese mice.  Do these molecules act as signals 
between the host and the microbiota?  If so, how does the host respond to bacterial 
signals, and vice versa? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Resources for Interactive Engagement: 
 
Discussion Questions  
 
 
AP Biology Standards 
 
Essential knowledge 4.A.5: Communities are composed of populations of organisms 
that interact in complex ways. 
 
Studying the microbiota is difficult, because it involves a complex interaction between 
many types of bacteria and their animal host.  What are some of the benefits the 
bacteria and the host receive from this relationship? 
 
An obvious benefit to the bacteria that make up the microbiota is the increased 
availability of nutrients – whatever the host animal eats, the bacteria can also eat.  The 
host cannot break down all of the different types of food it consumes (particularly plant 
material), and is assisted by the different types of bacteria.  Additional benefits the host 
receives from the microbiota include modulation of the immune system, signaling that 
affects the host’s gene expression, and other roles that are only starting to be 
discovered. 
 
 
 
Essential knowledge 4.B.3: Interactions between and within populations influence 
patterns of species distribution and abundance. 
 
Why do the composition of the microbiota and the invasion ability of certain microbes 
change so dramatically depending on whether the mice are fed a healthy (LoSF-HiFV) 
or unhealthy (HiSF-LoFV) diet? 
 
These differences are likely due to differences in the food sources between the healthy 
and unhealthy diet.  The healthy diet contains more plant material, which leads to a 
greater abundance of bacteria that can metabolize it, and provides more niches for 
plant-digesting bacteria to establish themselves.  This could explain why lean microbes 
are only able to invade the intestines of obese-colonized mice when they eat a healthy 
diet. 
 
Why was it important that the researchers test both a healthy and an unhealthy human 
diet in their experiments?  What would they have found if they had only tested the 
healthy diet? 
 
If they had only tested the healthy diet, they would have found that the lean microbes 
could invade the obese mouse gut.  They might have thought that this would always be 
the case, and did not depend on dietary factors.  By testing both a healthy and an 



unhealthy diet, they learned that it is important not only which microbes are present, but 
also which nutrients are present and how these affect the mini-ecosystem within the gut.  
 
 
 
Next Generation Science Standards 
 
Practice 2, developing and using models 
 
Why is it necessary to perform studies on the microbiota in germ-free mice? 
 
Normal mice contain a complex gut microbiota, just like humans.  In any experiment, 
conditions should be controlled as much as possible to rule out extra variables that 
could affect the outcome.  Since it is possible to isolate infant mice and keep them in a 
sterile environment – making them germ-free, with no bacteria in their intestines – it is 
possible to know exactly which bacteria are present in their intestines, after they have 
been inoculated with a sample of interest (in this case, the microbiota taken from human 
twins). 
 
 
Practice 4, analyzing and interpreting data 
 
Practice 5, using mathematics and computational thinking 
 
Why is it important that the researchers developed a method for determining the 
invasion score for a particular type of bacteria? 
 
The invasion score allowed them to quantitatively assess the abundance of a particular 
group of bacteria before and after cohousing.  If the invasion score indicated their 
abundance either increased or decreased after cohousing, they could follow up on 
these bacteria as being the possible causes behind phenotypic changes (decreases in 
body weight, fat mass, etc.) observed after cohousing. 


