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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



Why is it important to determine whether blood monocytes are microglial
precursors?
How did the progress of research methods advance our understanding of this
relationship?

The importance of this scientific research


Understanding brain-immune interactions is paramount for the development of new
treatment options for the diseases of the central nervous system (CNS).

The actual science involved





Genetic techniques
Fluorescent cell sorting
Immunocytochemistry
In vivo imaging

Connect to Learning Standards:
The Next Generation Science Standards Science and Engineering Practices









Practice 1: Asking questions (for science) and defining problems (for engineering)
Practice 2: Developing and using models
Practice 3: Planning and carrying out investigations
Practice 4: Analyzing and interpreting data
Practice 5: Using mathematics and computational thinking
Practice 6: Constructing explanations (for science) and designing solutions (for
engineering)
Practice 7: Engaging in argument from evidence
Practice 8: Obtaining, evaluating, and communicating information

The AP Biology Standards





Essential knowledge 2.D.2: Homeostatic mechanisms reflect both common ancestry
and divergence due to adaptation in different environments.
Essential knowledge 2.E.1: Timing and coordination of specific events are necessary
for the normal development of an organism, and these events are regulated by a
variety of mechanisms.
Essential knowledge 3.B.1: Gene regulation results in differential gene expression,
leading to cell specialization.

Common Core English Language Arts






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.
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.
11-12.8: Evaluate the hypotheses, data, analysis, and conclusions in a science or
technical text, verifying the data when possible and corroborating or challenging
conclusions with other sources of information.

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:
The main defense system in a live organism is the immune system. Your peripheral and
central immune systems are not identical. One of the main differences is the type of
cells recruited to mitigate the effects of an immunological challenge. Although your
periphery is teeming with a plethora of immune cells, your brain only relies on one cell
type. They are called microglia. Microglia are very similar to macrophages that live
outside the brain. As a matter of fact, microglia can become macrophages if CNS
homeostasis is disturbed. They can phagocytize pathogens and alert other cells of their
presence. Because microglia and macrophages are so similar, scientists hypothesized
that, like peripheral macrophages, microglia originate from peripheral monocytes that
infiltrate the brain around the time of birth. Early studies supported this hypothesis.
Scientists speculated that this transformation of peripheral monocytes into brain
microglia continues even in an adult animal. That meant that peripheral macrophages
could be genetically transformed into “Trojan horses” to be sent into the brain to stop
progression of various CNS disorders. However, as our methods advanced and became
more nuanced, it became clear that peripheral monocytes do not enter the brain in an
adult animal under normal conditions. Moreover, microglia could be related to these
cells only distantly, originating from an early population of macrophages in the yolk sac.
To determine whether that new hypothesis is correct, researchers used advanced
genetic methods to label various populations of hematopoietic cells in mice during
different time points of prenatal and postnatal development.

Topics Covered:







Prenatal and postnatal development of hematopoietic cells
Ontogenetic differences between immune cells in the CNS (microglia) and peripheral
monocytes
Development of genetic models to study cellular differentiation
Time- and tissue-specific gene expression
Cell trafficking
Cell imaging and quantification techniques

Why this research is important:
The brain is a very well-protected organ. The barrier between the brain and the rest of
the body is a highly controlled environment. Only some molecules and cells are allowed
to go in and leave the brain under normal conditions. This protective environment can
be disturbed by physical and nonphysical stressors, leading to an influx of compounds
that can either help the brain heal or further exacerbate the insult. In many diseases of
the CNS, scientists observed peripheral immune cells migrating into the brain. The
results of their trespassing have varied: Sometimes they were “agents of recovery” and
sometimes “agents of destruction” (Bertnic et al., 2000). Thus, it is important to
determine whether these migrating monocytes are developmentally related to microglial
cells that reside in the brain and have evolved to respond to disruptions in brain
homeostasis. Knowing the origin of these cell types would allow us to harness their
potential for treatment of brain-related diseases.
Methods used in the Research:





Gene recombination technology
Fluorescent cell sorting
Fluorescent immunostaining
In vivo imaging

Conclusions:







Yolk sac macrophages and microglia have similar phenotypes .
Both yolk sac macrophages and microglia depend on the presence of the CSF-1R
receptor on their surface for differentiation. Absence of this receptor does not affect
development of circulating monocytes, further supporting the prediction these cells
are not precursors of brain microglia.
Runx1 yolk sac progenitors give rise to microglia, but not to blood and tissue
macrophages, granulocytes, or lymphocytes.
Blood circulation needs to be developed to allow the influx of yolk sac precursors
into the brain.
The influx of yolk sac progenitors into the brain happens between embryonic days
8.5 and 9.5.

Areas of Further Study:





How severe should brain insult be in order for peripheral monocytes to cross the
blood-brain barrier (BBB)?
Can these cells enter the brain in response to nonphysical stressors?
How do peripheral monocytes and microglia communicate at the level of the BBB?
Can peripheral monocytes acquire microglial phenotype upon entering brain
parenchyma in response to injury?

Discussion Questions:
Discussion questions associated with the learning standards










Essential knowledge 2.D.2: Homeostatic mechanisms reflect both common ancestry
and divergence due to adaptation in different environments.
o The authors of this experiment found that microglia and peripheral monocytes
have evolved from different progenitors. Microglia evolved from yolk sac
macrophages, whereas peripheral blood cells arise from fetal liver, spleen,
and bone marrow. How can the differential environments in which these cells
develop affect their morphology and function?
Essential knowledge 2.E.1: Timing and coordination of specific events are necessary
for the normal development of an organism, and these events are regulated by a
variety of mechanisms.
o The authors showed that differentiation of microglial cells depends on the
presence of specific molecules. Differential expression of which molecules
distinguished developmental trajectories of microglial cells and
macrophages?
Essential knowledge 3.B.1: Gene regulation results in differential gene expression,
leading to cell specialization.
o Despite having identical genomes, cells acquire distinct phenotypes as a
result of tissue- and/or time-specific differences in gene expression profiles in
distinct cell types. How did the authors use the restricted time window of
Runx1 expression to determine the origin of microglial cells?
Practice 2: Developing and using models:
o How did the authors determine that microglial seeding in the brain depends
on the developed vasculature?
Practice 7: Engaging in argument from evidence
o With an example of one graph show how the authors used obtained data to
support their hypothesis.

