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Motion and Forces:  What does it look like in high school?


Students from a young age have observed objects in motion.  That motion is controlled by the same basic rules.  At the middle levels, students begin to qualitatively describe this relationship.  By high school, students will be ready to use quantitative applications to Newton’s Laws.  They will also use models to support motion of abstract or invisible phenomena (i.e. electromagnetism).


For some elaboration and detail on how the concept of Motion and Forces is addressed in the National Science Education Standards, consult the Appalachian Math Science Partnership (AMSP) Elaborations page at https://www.appalmsp.org/amsp/frame2.aspx?acctId=0&css=news&menuIds=61   These elaborations are the result of an AMSP project to make the national standards more understandable and accessible to teachers.   Note:  These elaborations are based on Core Content for Assessment v. 3.0.  Therefore, when consulting “Physics for High School” you will find energy concepts and coding not currently used.  You may wish to consult the Core Content for Assessment CrossWalk at http://education.ky.gov/KDE/Instructional+Resources/Curriculum+Documents+and+Resources/Core+Content+for+Assessment/Core+Content+for+Assessment+4.1/default.htm 

Common Misconceptions

· misunderstanding of the term “force” as it’s related to energy, power, strength, etc.

· understand force as a property  of matter

· amount of motion an object has is proportional to the amount of force that is applied

· confuse inertia with friction (objects at rest resist acceleration because of friction)

· do not consider objects with passive actions to have a force

· experience difficulty appreciating that all interactions involve equal forces acting in opposite directions on the individual, interacting bodies

         (From Benchmarks for Science Literacy, pp. 339-340)


After identifying the misconceptions, the literature referenced also suggests some focus teachers can have to promote some understanding of the concepts.


Resources

1. “Why Should You Bother Taking High School Physics?”

      ( http://www.pbs.org/wgbh/nova/teachers/ideas/3012_elegant.html )

This is a teacher-developed web quest that was created in relation to NOVA’s Elegant Universe (available in its entirety on-line).  This web quest takes students through the thought process of the importance of physics.  This site includes directions, requirements, links and a rubric.

2. Windows to the Universe

     ( http://www.windows.ucar.edu (teacher resources (classroom activities)

This site has a number of activities for all grades at varying levels of complexity.



a) Students can build their own magnetometer (The Magnetometer), then



    use it in the activity Terrabagga Activity to learn about planetary



    magnetic fields.



b) Students can learn the basics of magnetism and forces in Magnetic



    Levitation.



c) For literacy ideas, check out Using Current Event Articles in the



    Science Classroom.  This offers various methodologies for handling



    current events as well as links to sources of information.

3. How Stuff Works

    ( http://www.howstuffworks.com/electromagnet.htm )


This is a very informative site!  If you haven’t seen this, I recommend that you check it out.  This particular article is about electromagnetism.  It explains, step-by-step, what electromagnets are and how they work.  It also offers some relatively easy activities you can use with your students as a discovery of this concept before even teaching it!  As with all articles on this site, you can get a printer-friendly version to share with your students, as well as having links for further information

4. Newton’s Laws of Motion and Gravitation

 (http://swift.sonoma.edu/education/index.html )


Written and designed by NASA, this is a set of four (4) “posters” that have been designed as a unit of study.  The lessons for each poster include:

· conceptual and historical information

· a pre-activity, that can be used as a “hook” or a formative assessment for the lesson

· an in-class activity

· a post-activity leading discussion

· extension and modification for advanced students and/or enrichment

· correlation standards and references

The four “posters” can be laid side-by-side to form one long mural.  

5. MIT OpenCourseWare

    ( http://ocw.mit.educ/index.html )


The Massachusetts Institute of Technology makes many of its undergraduate and graduate lecture notes, problem sets (with solutions), exams (with solutions) and sets of videotaped lectures available for free.  The lecture videos for the physics courses include very informative demonstrations of physical phenomena.  Some of the lectures may be informative for advanced students; however, you may find them more helpful as you gain a better understanding of the concepts.  MIT makes courseware available for a wide variety of courses, not just science.  Note:  The RealPlayer application is required to view the video clips.

Sample Question and DOK

According to Science Core Content for Assessment

SC-HS-1.2.1

Students will:

· select or construct accurate and appropriate representations for motion (visual, graphical and mathematical);

· defend conclusions/explanations about the motion of objects and real-life phenomena from evidence/data.

Objects change their motion only when a net for is applied.  Newton’s Laws of motion are used to describe the effects of forces on the motion of objects.  Conservation of mechanical energy and conservation of momentum may also be used to predict motion.

DOK 3

(Note:  The highlighted wording more directly applies to the question.)

The attached item is a released item from 1999.  It has a DOK level of 2 because students understand relationship between motion and force, interpret a diagram, and predict the ultimate direction of the marble.  It is the many cognitive steps that the student takes to discern the answer that makes this a DOK 2.
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Do your students ask questions that you’re not quite sure of the answer?


It’s happened to the best of us—the unexpected questions that deals directly with what you’re discussing.  Have you ever tried the Kentucky Science Support Network?  This site contains a listing of registered experts in various scientific fields to help you answer those hard-to-answer questions.  I used this network extensively in my class.  When a student asked me such a question I would (during a lull in the lesson) pull up the website and have the student choose their expert.  They would then use my school email account to write, and ask, their question.  When I received a reply (usually with a day), I would print it out and give it to the student, who would then be required to answer to the class.  It’s a wonderful tool that gets students in contact with working scientists.  Check it out yourself!  http://oapd.kde.state.ky.us/kssn 
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Teaching high-school students to seek consistent explanations for the “at rest” condition of an object can lead them to appreciate that both “active” and “passive” objects exert forces.  Showing them apparently rigid or supporting objects actually deform might also help.


(pp. 339-340)
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