Secondary School Students Learn Newton’s Third Law 
Debora Shafer, Department of Physics, State University of New York at Buffalo: 

Buffalo State College, 1300 Elmwood Ave. Buffalo NY 14222   ybecause111@yahoo.com
Abstract:

This is a description of seven Special Needs Students reforming their thinking about Newtonian force concepts over ten forty minute classes. The students were tested via the Force Concept Inventory (FCI) (Halloun, 1985), and then interviewed individually to confirm their reasoning.  Students were grouped, and through Inquiry and Hands-on discovery the students’ preconceptions were developed into a deeper understanding of Newtonian Force concepts, specifically Newton’s Third Law.   
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Introduction
Much research on teaching physics using inquiry based methods (Arons, 1997; Garner, 1991); developing explanations of natural phenomena in a continuing, creative process (Department, 1996),  and students’ working in cooperative learning groups (Gijlers & de Jong, 2005; Hake, 1998; MacIsaac D., 2002; Trowbridge, Bybee, & Powell, 2000) states the basis for inquiry teaching revolves around two elements: the first would be to arrange the environment to facilitate student-centered instruction and the second to include sufficient guidance to ensure direction and success in discovering the concepts being taught (Trowbridge, Bybee, & Powell, 2000; Rochelle, 1992; Halloun, 1985). Strategies of inquiry teaching are emphasized in the National Science Education Standards as primary methods of conducting science classes to acquaint students with the scientific method of problem solving techniques that are used in the field by scientists (Trowbridge, Bybee, & Powell, 2000). Students are asked to develop, through research, an explanation for what they have observed.  After the explantion is heard by classmates and critiqued; the students can reformulate their ideas into a hypothesis which is related to the research and clearified through co-operative learning environments in the classroom.  When students carry out their own research plan through hands on activities and keep track of their findings, either with diagrams or the written word, concepts are seen with a deeper insight into the phenomena  (Department, 1996).

Teaching physics utilizing The Learning Cycle  (Musheno & Lawson, 1999) and Traditional Text (Guzzeetti, Williams, Skeels, & Wu, 1997)  have been at the basis of many studies, with the comparison of each individually.  The Learning Cycle Method is taught in three consecutive phases known as exploration, term introduction, and concept application, which is the way people spontaneously learn about life and the world around them (Musheno & Lawson, 
1999).  Traditional texts are usually written with term introduction and vocabulary at the beginning of a chapter, followed by examples and exploration of the concepts (Garner, 1991). Textbooks are often written in such a way that they confuse the student, particularly students with low reading scores (Musheno & Lawson, 1999). 

This study uses curriculum techniques modeled in Physics Teacher Workshops at Buffalo State College using activities taken from the Constructing Physics Understanding (CPU) materials together with refutational text (Zitzewitz, P. W., 1999) developing the idea of the concepts before devulging the vocabulary. Once this is carried out and the students understand the vocabulary the texts are then introduced for reinforcment because The U.S. Department of Education (1991) states that 90% of instruction time is devoted to textbook use (Mc Carthy, 2004).  Physics content vocabulary is specific in nature and literacy is critical for many physics concepts and students with special needs often have difficulty with language and reading (Cawley, 1990). Moreover, studies that compare students who receive instruction in discovery and activity-oriented instruction perform better than students in direct instruction or the traditional approaches using lecture and memorization of vocabulary terms(Mc Carthy, 2004).  

Seven special needs students in the Boces1 program, in a suburban high school of Buffalo, NY, were given a condensed version (ten items associated with Newton’s third law) of the Force Concept Inventory (FCI) (D. Hestenes, 1992) to test their conceptual knowledge base of Newtonian Force Concepts. Hestenes and Halloun (1995) claim, the FCI is “designed to assess student understanding of the most basic concepts in Newtonian physics”.  Afterwards, on the same day as the exam, all seven students were interviewed individually, in a casual classroom setting. From the interview, students’ basic reasoning and social levels were evaluated and later used to form student groups.  Students were grouped based on understanding, reasoning level and social abilities.  The seven students were then instructed during ten 40-minute classroom periods, over a six month time frame. There were ten sessions with the students, not including test taking and initial interviews.  Several student aides accompanied some individual students at all lessons, and there were usually between two and three aides in each class as well as the instructor.  

Lesson Design

	                             Primary Goal
	                             Daily Topic

	Introduction to Whiteboards

Revisit contact forces

Introduce non-contact forces

Whiteboard reinforcement

More practice with forces

Force Pairs

Free Body Diagrams (FBD)

Demonstrate forces

(FBD)

Strengthen understanding of 

Newtonian Force Concepts
	What is a force? 

Forces that interact 

Gravity and Magnets (Active and Passive)

Contact or non-contact forces

White boarding activities 

Force Interactions

Lab – Spring scales and rubber bands

White board practice

Vector representations using white boards

Internet Activities




Table 1: Primary goal for daily lesson


Class discourse

The students, used whiteboards to convey their answers and when working in small cooperative learning groups.  Establishing large differences between high and low scorers in each group seemed very effective in our dynamics. The students were informed that there would be a lot of discussion techniques just like scientists use.  We talked about how scientists explore and we decided a good way to explain what they do is to say they solve a problem or problem solve. 

First teacher question posed:  “What is a force?” 

Example answers: push, pull, off-balance feeling.

Next teacher question posed:  “What makes a force?”  

There was a long silence (15 to 20 seconds). 

The students were then asked:  “What is capable of creating a force on something?” 

Example Answers: wind, person, car

As follow up the students were asked:  “Do you have to touch something to give it a force to make it move?” 

The students agreed unanimously that a touch was required. 

Finally, teacher asked:  “What force causes a book to fall to the floor?” 

After a wait of 10 to 15 seconds, a book was dropped to the floor, for emphasis.  

One of the students yelled out, “gravity”.  

Once the students agreed that gravity did not need to touch to interact with an object, (a non-contact force), magnets were introduced to show another non-contact force.  Instructors used bar magnets to demonstrate attraction and repulsion to the class.  Then, students were allowed to hold and feel these forces for themselves.  After sufficient time for the students to investigate and observe reactions between the magnets, instructors asked them what kind of forces there are in nature?  The students could list two types of forces: 1) Gravitational, and 2) Magnetic. 

Teacher then asked: “Are there any other forces that interact?” 

One student answered: “Shove”

Teacher: “OK, but that is contact”.   

Follow-up question:  “Is there anything else that has the ability to make things move without touching?” 

No Answers.  

     Demonstrating static electricity by rubbing a thin plastic ruler in my hair and placing it near 

an aluminum can on a desk, the can will move across a desk without touching it. Now, the class discussed static electric forces. With these students I developed the two standard classifications of forces, “contact” and “non-contact” (Arons, 1997). Active forces are the forces that have a field of strength.  Passive forces are the ones that happen to adjust themselves due to the active forces.  A lot of spiraling via whiteboard discourse and instruction was necessary until the students seemed familiar with the context of the lesson.  After a few lessons, review was necessary and conducted mainly at the start of each class.  However, lower order thinking needs constant reminders as memories are made (Intelegen, 1995).  During inquiry the students will lead through discovery, while the facilitator leads the students with well thought out questions. 

Animations are also a good visual aid.
Figure 1: JPEG image of Cartoon mnemonic for Newton’s Third Law. (Shafer, 2008)
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Next, we discussed Newton’s Third Law and redefined forces as interactions (Arons, 1997).  The students were made aware of the following concepts: I cannot touch you without you touching me; I cannot touch this book without the book touching me; I cannot touch the chair without the chair touching me. Contact between two bodies, requires force on both of the two bodies; in other words, an interaction.  I then demonstrated the flexure of a brick wall with a force exerted to it, from a push of my hand.  By using a laser light reflected off a mirror on a masonry wall (MacIsaac & Nordstrand, 2001), or if you have a sturdy table to place the overhead on, a student can stand on the table and the deflection of the table from the mass of the student can be seen on the wall (Arons, 1997).  

Next, the students explored the concept through some hands-on discovery activities.  First, the students used the wall as a brace and held a bathroom scale up on the wall at chest height, to find the force of their push on the wall, and in doing so, the force of the wall back on them (pairs of forces).  I also had the students take turns and make sure they were using different strengths to push with, so they could see the scale fluctuate and then could build an understanding of more force.  The use of vector arrows was introduced here as well and the force the student used was represented by the arrows, showing the bigger the force, the longer the arrow (Arons, 1997).

The students understood the larger the arrow the greater the force and that concept is explored in an hands-on activity, “How do Objects at Rest Interact?” (Henry, 2006). The lesson lead students groups through a thought process to develop their systematic observations.  Close observation by the facilitator was necessary to guide the students through this kind of a structured lesson, but must, at the same time, not tell the students what they should discover next.  There is room for students to predict what they think will happen before the activity; as well as space next to the picture depicting the activity,  to write their observations in the form of a Free Body Diagram(FBD).  This is pre-FBD, and their usage is important when establishing forces and force pairs.  The next activity used spring scales and rubber bands and the interactive pulling force of two objects (Arons, 1997).  Again, using the format of predicting and having the students write down their predictions before actually doing the activities helps the student synthesize knowledge and develop problem solving skills. 

 If the students are well behaved, and you have the office chairs with wheels, it is fun as an extension to the first activity to take the activity into the halls. As  students take turns pushing pairs of students up and down the hallways, have one student push two students facing each other in the chairs with the scales bottom to bottom, so the student in each chair can read their scale. (And this is good advertisment for “phun” in physics class!)

On the last day we reviewed using a computer lab, it was time to challenge the students where the science behind the theory can be explored.  The web-site http://www.grc.nasa.gov/WWW/K12/airplane/index.html   really helped engage the visual learner.  This site uses arrows and the magnitude of balancing forces, and it was easy for the students to maneuver around the site, and it kept them busy answering questions about real life applications to force pairs. The use of the web was invaluable when it came to practice. The students can work at their own pace, and check for the correct response as well.  They also get practice using Free Body Diagrams (FBD) and their new found vocabulary.  

Conclusion 

By using discovery activities exceptional students have the opportunity to use a higher order of thinking to develop formal thought.  As adolescents are in the process of developing these skills, this technique needs to be implemented in every classroom. One develops inquiry and discovery skills by doing them.  In guided inquiry, students are encouraged to resolve problems using techniques similar to the preceding, either on their own or in groups.  The facilitator is there as a resource, but when enlisted for help, he or she should ask questions, giving students direction, rather than telling the students the answer or what to do.  Discovery skills used in hands-on activities aid in better memory retention and familiarity with new vocabulary helps students look for key words.  The use of key words such as “equal” in this case study, also prove to be very important when the students are recalling a memory.

The history of science has used text as a way to enhance meaning for the average reader, while the students with obvious learning disabilities struggle through the reading with little understanding.  With an approach to learning that uses activities to introduce vocabulary, and inquiry to further enhance the student’s ability to discover how systems work in the real world, students of varied reasoning levels can help each other. Often textbooks do suggest hands-on activities and these should be extended to include inquiry based investigations. By allowing the students to:  1) Pose the question of what is being solved, 2) Design a way to investigate that question, 3) Do the investigation and collect the data, and 4) Interpret and discuss findings with peers, we promote in the students a motivation to learning science content, while at the same time increasing science process skills, manipulitive skills, on-task behavior and self-gratification.   When students with learning disabilities received activities-oriented instruction, they demonstrated similar gains in achievment when compared with normal-achieving peers.
When asked in what lessons the students felt they learned the most, the students all chose hands-on activities.  The advantages of inquiry teaching and hands-on activities in the context of this study seemed to work well. Peer instruction is a powerful way for students to learn and develop social skills.  Although there is a need to further assess the value of these approaches (particularly in the inclusion classroom), there is evidence that students taught by these methods perform significantly better on cognitive tasks involving critical thinking than those taught by traditional instruction.         
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