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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


Development of artificial muscle that can function similarly to natural muscle,
including withstanding a wide range of forces without breaking or stretching
inelastically.

The importance of this scientific research


Inexpensive and readily available materials can be twisted and coiled in order to
form a functional muscle. This not only decreases the cost of synthesis, but also
increases the availability for production.

The actual science involved


Physics, i.e., how manipulating an object can produce a force that is dependent on
that object’s composition as well as the environment in which that object is placed.

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 Physics Essential Knowledge 2.C.1:
The magnitude of the electric force F exerted on an object with electric charge q by an
electric field E is F = qE. The direction of the force is determined by the direction of the

field and the sign of the charge, with positively charged objects accelerating in the
direction of the field and negatively charged objects accelerating in the direction
opposite the field. This should include a vector field map for positive point charges,
negative point charges, spherically symmetric charge distributions, and uniformly
charged parallel plates" (page 33).
http://media.collegeboard.com/digitalServices/pdf/ap/ap-physics-1-and-2-course-andexam-description.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:
Artificial muscles have many potential applications, such as muscle transplantation and
use in humanoid robots, but are currently expensive and inefficient. Haines et al. found
a way to decrease the cost of artificial muscle synthesis by designing them out of
common, inexpensive materials, such as sewing thread and fishing line. The authors
subjected these fibers to different tests that examine their strength, durability, and work
capability. They found that coiling fibers through twist insertion allows for strong, durable
fibers that can produce large amounts of work due to torque generated from untwisting.
Because these fibers have the ability to both contract and expand when external energy
was applied to them, they have the potential to function as normal muscles found in the
human body.

Topics Covered:
Concepts of tension, torque, force, elasticity, and work

Methods used in the Research:




twist insertion,
thermomechanical analysis (TMA)
tensile test, torisonal test

Conclusions:
Low-cost polymer fibers, such as fishing line and sewing thread, can expand and
contract due to the torque produced from twist insertion. These fibers perform more
optimally than human skeletal muscle because they can lift greater amounts of weight
and generate more work.

Areas of Further Study:





Incorporating and testing these artificial muscles into development of prosthetics,
robots, or clothing
Fluorescent particles as therapeutic agents for treating cancer
Types of actin: globular vs. filamentous
Arrangements: monomeric vs. polymeric

Resources for Interactive Engagement:
Discussion Questions

1. Could these artificial muscles work as natural muscles? If not, what improvements
need to be made in order for them to be functional?

2. The authors mention that these artificial muscles are not only useful for the clinic, but
also for humanoid robots, temperature sensitive clothing, and noiseless operators for
opening and closing window shutters. Can you think of any other potential uses for
these coiled polymer fibers?

3. What are the different energy conversion methods explained and used in the paper to
drive movement of a material? Describe the advantages and disadvantages of each.

4. Did the authors prove their hypothesis? If not, what other experiments could have
been done in order to strengthen their findings?

