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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 
 

Student Learning Goals: 

Connections to the nature of science from the article 
 

 In this article, micropatterning is used at the subcellular scale to control the shape of 
actin filaments. Micropatterning is often used in science as a means of experimental 
control when investigating micro or nanoscale mechanisms. 
 

 Micropatterning allows scientists to precisely control the growth or development of 
structures, enhancing experimental capabilities for studying extremely small 
phenomena 

 

 Visualization is an important part of experimental work. It allows scientists to make 
qualitative and quantitative conclusions based on observations. Scientific studies 
often utilize microscopy as a visualization tool. Fluorescent microscopy is especially 
useful because its vast spectrum allows scientists to excite different fluorophores by 
shining different wavelengths of light on a sample, thus allowing them to image 
different structures simultaneously. As a result, we can begin to understand how 
different structures (like actin and myosin!) interact.  

 

 This article studies the different orientations of actin  
o Directionality: parallel vs. antiparallel  
o Arrangement: orderly filament bundles vs. entangled branched meshwork  

 

 Actin makes up a major part of the cytoskeleton—the actin cytoskeleton is larger 
than any other organelle. A cell without actin would be like a house without a frame!  
 

 Actin stress fibers distribute and absorb forces which is critical to maintaining 
structural integrity  

 

 Actin helps the cell change shape to adapt to its environment  

 

 Actin is critical to cellular locomotion and its ability to move. Information about how 
the cell moves can be useful in understanding disease progression/cancer 
metastasis/etc.  

 

 In this article, myosin selectively binds to, contracts, and disassembles actin based 
on its orientation. The selectivity of myosin based on actin orientation highlights the 
symbiotic relationship between actin and myosin. In this way, myosin motors are the 
“brains” behind the contraction and disassembly of actin.  

 
 
 



The importance of this scientific research  
 

 Fluorescent labeling/targeting and subsequent fluorescent imaging is crucial to 
learning about cellular structures and providing a reliable visual platform for 
experimentation.  

 

 Intracellular transport: myosin helps transport “cargo” (vesicles containing nutrients 
and other important cellular structures) within living cells. Understanding where and 
how myosin walks (i.e., on actin!) is critical to learning about where different 
structures are organized within cells.  

 

 Myosin creates contractile forces on actin when ATP is present. These contractile 
forces allow the cell to adapt to and move within its environment.  

 
 
 
The actual science involved 
 

 Designing an experimental platform for controlling specific variables in a test. 
Usually involves fabrication of a substrate, and chemical treatment of the substrate 
in certain areas such that only a desired component “sticks” to that area. 

 

 Creating reconstituted systems of molecular structures (such as actin and myosin, 
as in this paper) and using florescence to visualize structures: acquire desired 
molecular structures (in this paper, myosin and actin were purified from rabbit 
skeletal muscle), develop chemical conjugation protocol such that fluorescent 
probes/particles attach to desired molecular structures, image with fluorescent 
microscope  

 

 Live-cell imaging: transfect living cells with fluorescent probes targeted to specific 
parts of a cell and observe  

 

 Fixing and staining cells: immobilize cells by chemically “fixing” them and targeting 
intracellular structures with fluorescent probes. Involves some chemicals for “fixing” 
(which effectively kills the cell) and some bioconjugation techniques to target the 
fluorescent probes to specific biological structures.  

 

 Intracellular transport: myosin helps transport “cargo” (vesicles containing nutrients 
and other important cellular structures) within living cells. Understanding where and 
how myosin walks (i.e., on actin!) is critical to learning about where different 
structures are organized within cells.  

 

 Myosin creates contractile forces on actin when ATP is present. These contractile 
forces allow the cell to adapt to and move within its environment.  

 



 Myosin is a family of motor proteins that are involved transport and motility. There 
are thirteen identified classes of myosin motor proteins. All classes of myosin are 
made up of three major parts: a head, neck and tail. The head plays a role in force 
generation, and contains actin and ATP-binding sites. The neck domain is a helical 
structure that fuses the head and tail. The tail region is comprised of various binding 
sites that are specific to the function of each class of myosin. Eukaryotic cells 
possess myosin I and II, which are the most commonly studied forms of myosin.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Connect to Learning Standards: 
 

 Connects to English Language Arts Standards, Science and Technical Subjects 

Standard CCSS.ELA-LITERACY.RST.11-12.9. 

 

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

12.9 

 

Authors combine information from five sources in this introductory paragraph. It is 

common to synthesize information from previous works at the beginning of scientific 

articles to introduce the reader to the subject area. 

 

 

 

 Connects to Next Generation Science Standard Practice 2: Analyzing and 

interpreting data 

 

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

 

Here, the authors analyze their data by creating figures (see Figure 2) and drawing 

conclusions. They correlated the length of time over which the parallel bundles elongate 

with the time over which the central meshwork disassembles and releases actin 

monomers. From this analysis, authors interpret that myosin-induced disassembly of the 

central meshwork provides monomers that the parallel filaments incorporate into their 

bundles to elongate. 

 

 

 

 

 The model the authors created here is similar to the mathematical models described 

by the AP Biology Quantitative Skills Guide. Mathematical models are used to 

describe biological phenomena, and help understand how different factors affect that 

particular phenomena. 

 

Here, the authors develop a model to demonstrate their experimental observation that 

the contraction rate is proportional to the amount of branched meshwork relative to the 

amount of antiparallel bundles (P/Pb). By taking the ratio of total contraction force to the 

resisting (drag) force, and substituting both force equations, the authors verify that the 



velocity (contraction rate) is indeed dependent on the relative amount of antiparallel 

bundles and branched meshwork. 

 

The most valuable part of mathematical models in biology is the ability to substitute 

numerical values into individual variables and see what happens to the result. For 

example, here, authors could change the number of antiparallel bundles and see what 

happens to the contraction rate (i.e. does it get larger or smaller?). The ability to use 

models in this way is extremely useful in biology, as you can predict behaviors that you 

may not see experimentally. 

 

http://media.collegeboard.com/digitalServices/pdf/ap/AP_Bio_Quantitative_Skills_Guide

-2ndPrinting_lkd.pdf 

 

page 84 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://media.collegeboard.com/digitalServices/pdf/ap/AP_Bio_Quantitative_Skills_Guide-2ndPrinting_lkd.pdf
http://media.collegeboard.com/digitalServices/pdf/ap/AP_Bio_Quantitative_Skills_Guide-2ndPrinting_lkd.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: 
 
Living organisms’ ability to move around is essential to survival. In living cells, this ability 
to move is highly dependent on the cytoskeleton, and specifically, the contractive force 
generated by its actin and myosin components. Within the cytoskeleton, actin filaments 
can be arranged in many ways—dense clusters of tangled branches or orderly 
collections of linear filaments. They can also be arranged with different directionalities—
parallel or antiparallel.  As a result, you can imagine that myosin motors face an 
overwhelming dilemma when choosing which actin filament to walk on! This paper uses 
a novel micropatterning technique to demonstrate that myosin motors specifically 
choose which types of actin to walk on based on their orientation. 
 
 
Topics Covered: 
 

 Microfabrication, chemical reactions, adhesion 

 Fluorescent microscopy, fluorescent staining, transfection, bioconjugation  

 Cell membrane  

 Cytoskeleton  

 cell structure  

 Motor protein  

 Contraction  

 Intracellular transport  
 
 
Why this Research is Important: 
 

 Fluorescent labeling/targeting and subsequent fluorescent imaging is crucial to 
learning about cellular structures and providing a reliable visual platform for 
experimentation.  

 Intracellular transport: myosin helps transport “cargo” (vesicles containing nutrients 
and other important cellular structures) within living cells. Understanding where and 
how myosin walks (i.e., on actin!) is critical to learning about where different 
structures are organized within cells.  

 Myosin creates contractile forces on actin when ATP is present. These contractile 
forces allow the cell to adapt to and move within its environment.  

 
 
Methods used in the Research: 
 



 Authors use micropatterning to allow actin and myosin to interact on glass 
substrates, and fluorescent probes Alexa 568 and Green Fluorescent Protein (GFP), 
respectively, to visualize their interactions. This is a type of “reconstituted system” 
that is designed to reflect how myosin and actin interact under biological conditions. 
It allows scientists to identify and monitor actin-myosin interactions under a 
microscope.  

 To visualize actin: fluorescent staining, fixing and staining, fluorescent microscopy  

 To visualize contractile force of myosin on actin: sliding filament assay  

 Conclusions  

 Actin is an important component of the cytoskeleton that is responsible for 
maintaining structural stability of the cell, and governs cell motion.  

 To visualize myosin: targeting myosin with fluorescent probes and fluorescent 
microscopy  

 To visualize contractile force of myosin on actin: sliding filament assay, optical 
tweezers  

 
 
Conclusions: 
 

 Micropatterning is a useful technique for precisely controlling biological experiments 

 Fluorescence is important for visualizing many types of biological phenomena  

 Myosin is a family of motor proteins  

 Thirteen known classes of myosin exist  

 The main roles of myosin are transport and contraction  
 
 
Areas of Further Study: 
 

 Photolithography 

 Photomasks 

 Pattern stamping 

 Fluorescence resonance energy transfer (FRET)  

 Quantum dots  

 Fluorescent particles as therapeutic agents for treating cancer  

 Types of actin: globular vs. filamentous  

 Arrangements: monomeric vs. polymeric  

 How does actin play a role in cells adapting to a new environment (for example, a 
stem cell transplant)  

 Role of different classes of Myosin  

 Function of processive and non-processive myosin motors  

 Actin-myosin “power stroke  
 
 
 
 



Resources for Interactive Engagement: 
 
Discussion Questions  
 
 
1.  Micropatterning is a unique method for observing specific biological 
phenomena. In this paper, it was used to define specific geometric shapes in 
which actin filaments formed. How might micropatterning be helpful to 
understanding other biological structures? 
 
 
Possible responses 

 Control the shape of cells: create a substrate (material surface) to which living cells 
can adhere only in specific shapes or geometries 

 Control the 3-dimensional environment in which cells live by creating a substrate 
with small micro-channels 

 After controlling the cell environment, perform experiments such as the following to 
assess how cell environment affects: cellular response to physical perturbations 
such as vibrations or applied force, cell migration rates, cell division rate, forces 
exerted by cells 

 For more information, see the following source: “Micropatterned Environments in 
Cell Biology,” by S. Raghavan and C.S. Chen, published in the journal, Advanced 
Materials (2004). 

 
 
Connections to the nature of science from the article 

 In this article, micropatterning is used at the subcellular scale to control the shape of 
actin filaments. Micropatterning is often used in science as a means of experimental 
control when investigating micro or nanoscale mechanisms. 

 The importance of this in scientific research 

 Micropatterning allows scientists to precisely control the growth or development of 
structures, enhancing experimental capabilities for studying extremely small 
phenomena 

 
 
The actual science involved 

 Designing an experimental platform for controlling specific variables in a test. 
Usually involves fabrication of a substrate, and chemical treatment of the substrate 
in certain areas such that only a desired component “sticks” to that area. 

 
 
Topics covered 

 Microfabrication, chemical reactions, adhesion 

 Methods used in the Research 

 In this article, authors use glass as the substrate and treat it with plasma, PLL-PEG, 
UV-radiation, and the actin-promoting protein, pWA 



Conclusions 

 Micropatterning is a useful technique for precisely controlling biological experiments 
 
 
Areas of Further Study 

 Photolithography 

 Photomasks 

 Pattern stamping 
 
 
 
2.  What types of biological processes might fluorescence help understand?  
 
 
Possible responses  

 Visualize specific organelles and structures inside a cell as it experiences migration, 
cell division, cytokinesis  

 Understand where organelles are with respect to one another  

 Get an idea of relative shape and size-scale of various organelles  

 How does the cell shape influence the orientation of actin fibers? Microtubules? Etc. 
Fluorescently labeling actin, and micropatterning for cells to form into specific 
shapes would be a suitable experiment!  

 
 
Connections to the nature of science from the article  

 Visualization is an important part of experimental work. It allows scientists to make 
qualitative and quantitative conclusions based on observations. Scientific studies 
often utilize microscopy as a visualization tool. Fluorescent microscopy is especially 
useful because its vast spectrum allows scientists to excite different fluorophores by 
shining different wavelengths of light on a sample, thus allowing them to image 
different structures simultaneously. As a result, we can begin to understand how 
different structures (like actin and myosin!) interact.  

 
 
The importance of this in scientific research  

 Fluorescent labeling/targeting and subsequent fluorescent imaging is crucial to 
learning about cellular structures and providing a reliable visual platform for 
experimentation.  

 
 
The actual science involved  

 Creating reconstituted systems of molecular structures (such as actin and myosin, 
as in this paper) and using florescence to visualize structures: acquire desired 
molecular structures (in this paper, myosin and actin were purified from rabbit 
skeletal muscle), develop chemical conjugation protocol such that fluorescent 



probes/particles attach to desired molecular structures, image with fluorescent 
microscope  

 Live-cell imaging: transfect living cells with fluorescent probes targeted to specific 
parts of a cell and observe  

 Fixing and staining cells: immobilize cells by chemically “fixing” them and targeting 
intracellular structures with fluorescent probes. Involves some chemicals for “fixing” 
(which effectively kills the cell) and some bioconjugation techniques to target the 
fluorescent probes to specific biological structures.  

 
 
Topics covered  

 Fluorescent microscopy, fluorescent staining, transfection, bioconjugation  
 
 
Methods used in the Research  

 Authors use micropatterning to allow actin and myosin to interact on glass 
substrates, and fluorescent probes Alexa 568 and Green Fluorescent Protein (GFP), 
respectively, to visualize their interactions. This is a type of “reconstituted system” 
that is designed to reflect how myosin and actin interact under biological conditions. 
It allows scientists to identify and monitor actin-myosin interactions under a 
microscope.  

 
 
Conclusions  

 Fluorescence is important for visualizing many types of biological phenomena  
 
 
Areas of Further Study  

 Fluorescence resonance energy transfer (FRET)  

 Quantum dots  

 Fluorescent particles as therapeutic agents for treating cancer  
 
 
 
3.  Why is actin important to living cells?  
 
 
Possible responses  

 Providing structure  

 Resistance to force  

 Forming cell shape  

 Serve as ‘tracks’ for intracellular transport, link one side of the cell to another  
Connections to the nature of science from the article  

 This article studies the different orientations of actin  

 Directionality: parallel vs. antiparallel  

 Arrangement: orderly filament bundles vs. entangled branched meshwork  



 The importance of this in scientific research  

 Actin makes up a major part of the cytoskeleton—the actin cytoskeleton is larger 
than any other organelle. A cell without actin would be like a house without a frame!  

 Actin stress fibers distribute and absorb forces which is critical to maintaining 
structural integrity  

 Actin helps the cell change shape to adapt to its environment  

 Actin is critical to cellular locomotion and its ability to move. Information about how 
the cell moves can be useful in understanding disease progression/cancer 
metastasis/etc.  

 
 
The actual science involved  

 Actin is a protein found in eukaryotic cells. It can form into two types of structures: 
microfilaments or thin filaments. Actin also can exist in monomeric (globular) or 
polymeric (filamentous) form. The actin cytoskeleton plays a role in important 
activities such as cytokinesis, motility, cell division, muscle contraction, and much 
more.  

 
 
Topics covered  

 Cell membrane  

 Cytoskeleton  

 cell structure  
 
 
Methods used in the Research  

 To visualize actin: fluorescent staining, fixing and staining, fluorescent microscopy  

 To visualize contractile force of myosin on actin: sliding filament assay  

 Conclusions  

 Actin is an important component of the cytoskeleton that is responsible for 
maintaining structural stability of the cell, and governs cell motion.  

 
 
Areas of Further Study  

 Types of actin: globular vs. filamentous  

 Arrangements: monomeric vs. polymeric  

 How does actin play a role in cells adapting to a new environment (for example, a 
stem cell transplant)  

 
 
 
4.  Why is myosin important to living cells?  
 
Possible responses 

 Transporting “cargo” within the cell  



 Contraction (muscle contraction, cellular contraction, contractile forces)  

 Cell movement  
 
 
Connections to the nature of science from the article  

 In this article, myosin selectively binds to, contracts, and disassembles actin based 
on its orientation. The selectivity of myosin based on actin orientation highlights the 
symbiotic relationship between actin and myosin. In this way, myosin motors are the 
“brains” behind the contraction and disassembly of actin.  

 
 
The importance of this scientific research  

 Intracellular transport: myosin helps transport “cargo” (vesicles containing nutrients 
and other important cellular structures) within living cells. Understanding where and 
how myosin walks (i.e., on actin!) is critical to learning about where different 
structures are organized within cells.  

 Myosin creates contractile forces on actin when ATP is present. These contractile 
forces allow the cell to adapt to and move within its environment.  

 
 
The actual science involved  

 Myosin is a family of motor proteins that are involved transport and motility. There 
are thirteen identified classes of myosin motor proteins. All classes of myosin are 
made up of three major parts: a head, neck and tail. The head plays a role in force 
generation, and contains actin and ATP-binding sites. The neck domain is a helical 
structure that fuses the head and tail. The tail region is comprised of various binding 
sites that are specific to the function of each class of myosin. Eukaryotic cells 
possess myosin I and II, which are the most commonly studied forms of myosin.  

 
 
Topics covered  

 Motor protein  

 Contraction  

 Intracellular transport  
 
 
Methods used in the Research  

 To visualize myosin: targeting myosin with fluorescent probes and fluorescent 
microscopy  

 To visualize contractile force of myosin on actin: sliding filament assay, optical 
tweezers  

 
 
Conclusions  

 Myosin is a family of motor proteins  

 Thirteen known classes of myosin exist  



 The main roles of myosin are transport and contraction  
 
 
Areas of Further Study  

 Role of different classes of Myosin  

 Function of processive and non-processive myosin motors  

 Actin-myosin “power stroke  
 


