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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 

Connections to the nature of science from the article 

 Using mouse models to study the effects of injuries on the living brain

 Using transgenic mice and conditional knock-out mouse models to test the effect
of gain-of-function and loss-of-function of specific genes in homeostasis and
injury

 Using live animal models to study the complex interactions between different cell
types in tissues, which cannot be fully recreated with cells in culture.

The importance of this scientific research 

This article demonstrates that the adult mammalian brain has the intrinsic ability to 
repair itself. The authors also discover that a well-known signaling mechanism, Notch 
signaling, regulates the regenerative process. Understanding the mechanisms that 
regulate neuronal regeneration will allow scientists to harness the brain’s regenerative 
ability to one day use it for the treatment of neuronal loss resulting from brain diseases 
and injury. 

The actual science involved 

 Model brain tissue injury after stroke using middle cerebral artery occlusion

 Use genetically engineered mice to label astrocytes in the adult living brain and
examine their behavior and fate after injury

 Use genetically engineered mice to upregulate or inactivate the function of Notch1
and RBP-Jk in astrocytes

 Stereotactic injection of gene-expressing virus into the mouse striatum to ensure that
the gene is delivered only to cells in that brain region

 Immunohistochemistry to detect the expression of various marker proteins, which
help determine whether there is a change in cell identity



Connect to Learning Standards: 

 Connects to English Language Arts Standards, Science and Technical Subjects

Standard CCSS.ELA-LITERACY.RST.11-12.2.

Determine the central ideas or conclusions of a text; summarize complex concepts, 

processes, or information presented in a text by paraphrasing them in simpler but 

still accurate terms." 

 Connects to English Language Arts Standards, Science and Technical Subjects

Standard CCSS.ELA-LITERACY.RST.11-12.6.

Analyze the author's purpose in providing an explanation, describing a procedure, or 

discussing an experiment in a text, identifying important issues that remain 

unresolved." 

http://www.corestandards.org/ELA-Literacy/RST/11-12/ 

 Connects to Next Generation Science Standard Practice 1:

Asking questions (for science) and defining problems (for engineering)

 Connects to Next Generation Science Standard Practice 4:

Analyzing and interpreting data

http://www.nap.edu/openbook.php?record_id=13165&page=42 

Connects to AP Life Sciences: 

LS.2.3 Cell Growth and Repair 

Students understand that cells of multicellular organisms repeatedly divide to make 

more cells for growth and repair. 

http://www.corestandards.org/ELA-Literacy/RST/11-12/
http://www.nap.edu/openbook.php?record_id=13165&page=42


LS.2.4 Cell Differentiation 

Students understand that in multicellular organisms, the single cell (zygote) ultimately 

divides and differentiates into specialized cells that form the various tissues and organs 

of the organism. 

http://apcentral.collegeboard.com/apc/public/repository/cbscs-science-standards-

2009.pdf 

http://apcentral.collegeboard.com/apc/public/repository/cbscs-science-standards-2009.pdf
http://apcentral.collegeboard.com/apc/public/repository/cbscs-science-standards-2009.pdf


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: 

Astrocytes, a type of glial cell in the brain, were originally considered to be “brain glue,” 
with the chief role of supporting neurons.  In this report, scientists take a second look at 
the function of astrocytes.  Specifically, they demonstrate that brain injury causes 
astrocytes to transform into neural progenitor cells, which in turn generate new neurons. 
Using mouse genetics, the scientists uncover that the Notch signaling pathway, a 
master regulator of embryonic development, is involved in this ability of the adult brain 
to repair itself.  Have scientists discovered a pathway where the brain is able to fix itself 
after an injury?   

Topics Covered: 

 Transgenic animal models

 Modeling brain injury

 Cell type identity

 Neurogenesis

Methods used in the Research: 

 Live animal models

 Mouse genetics

 Middle cerebral artery occlusion to model stroke injury in the brain

 Viral vectors for gene delivery

 Immunohistochemistry / immunofluorescence

Conclusions: 

Brain injury triggers the initiation of a neurogenic program by reducing Notch signaling 
in astroglial cells, resulting in the generation of new neurons at the injury site. 

Areas of Further Study: 

 Identify the exact molecular mechanism by which Notch signaling regulates the

 neurogenic program in astrocytes

 Test if other types of injuries or neurodegenerative disease can trigger neurogenesis
in astrocytes in different regions of the brain (other than the striatum)



 Determine whether striatal astrocytes can generate only one or several different 
types of neurons in various injury conditions 

 Determine if astrocytes in the human brain are also able to generate new neurons 
after stroke 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Resources for Interactive Engagement: 
 
Discussion Questions  
 
 
1. Why is it important to replace neurons lost as a result of injury or disease? 
 

Answer: To restore lost brain function – e.g. motor function in Parkinson’s disease 
patients or patients with spinal cord injuries. 

 
 
 
 
2. Why it might be better to be able to treat brain damage and disease by using the 

brain’s innate repair abilities rather than transplanting exogenous neurons? 
 

Answer: There are few sources of human neurons. Also, with exogenous neurons, if 
not a good match, there is the possibility for graft rejection – this will significantly 
reduce the survival of the grafted neurons, unless immunosuppressive therapy is 
applied. 

 
 
 
 
3. How would you test if other types of glial cells, such as oligodendrocytes or 

microglia, can also generate new neurons in the context of injury? 
 
Answer: One would use Cre and CreER mouse lines, where the Cre recombinase is 
expressed specifically in oligodendrocytes or microglial cells, to fate map those cell 
types and see if the labeled cells change their identity after brain injury. 

 
 
 
 
4. If it were possible, how would you induce astrocytes in the human brain to generate 

neurons? 
 
Answer: Humans are not “transgenic”. Therefore, to introduce exogenous DNA 
into patients, one would use other methods of gene delivery – e.g. viral vectors. 
 
This approach is referred to as gene therapy: 
http://history.nih.gov/exhibits/genetics/sect4.htm 


