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	CHAPTER 2

Learning about Learning

ACTIVITY 2 HW: Children’s Ideas about Force and Motion


Chapter 2

Activity 2 HW: Children’s Ideas about Force and Motion


Purpose

	In Chapter 2 you are developing ideas about how the forces acting on an object affect its motion. The purpose of this activity is to help you apply your current ideas about forces and motion to understanding the ideas of elementary students. 
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Before starting this activity, read the supporting article titled Children’s Ideas about Force and Motion, included at the end of this activity. The article should help you begin to recognize physics ideas of elementary students and some of your own prior ideas about force and motion. 
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	What types of ideas do elementary students have about force and motion?


Initial Ideas
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   Imagine that 5th grade students were asked the following question: “What forces are involved in the motion of a soccer ball during and after it is kicked?” What ideas about force and motion do you think students would use when answering this question?  Draw on your own experience as well as on the information contained in the article, Children’s Ideas about Force and Motion.
Collecting and Interpreting Evidence   
The movies and associated transcripts can be found on your PSET DVD in the Student Resources folder for Chapter 2.  

Note: Use headphones when viewing videos and make certain that the volume on your computer is at its maximum setting. 

Open Force_Energy and watch the movie. After watching the movie, review the movie transcript found at the end of this activity.
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Read through the transcript and note below places where students are expressing their ideas. What ideas about force and motion did the children in the movie express?  Cite evidence from the movie transcript to support your claim(s).  

Nikhel and Alana (video time 00:08:05 to 00:09:14)

Ian and Aaron (video time 00:09:19 to 00:10:46)
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Describe any similarities you found between your inferences about the children’s ideas and common ideas described in the article Children’s Ideas about Force and Motion. 

Summarizing Questions

S1.  
At about video time 00:09:00 a student states that the ball “still had some more force to move it a little bit” after the kick, and that this force came from the foot.   Another idea that was expressed by the students is the idea that the ball stopped moving “because the force ran out.” 

Why do you think these ideas make sense to the students?  You might consider what they actually mean by the term “force.” 
S2.  
In what ways were the ideas expressed by your PSET classmates (see Chapter 2 Activity 1 Initial Ideas) similar to the ideas expressed by the children in the movie. In what ways were they different?

S3.
You are much older than the children in the movie and have had many more life experiences.  Why do you think your ideas would be so similar in some cases?
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What forces act on the ball? Why does it slow down?
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	Figure 1. Ian and Nikhel, Alana, and Stacey’s diagram  referred to from 08:20 to 09:22
	Figure 2. Ian and Aaron’s diagram referred to from 09:24 to 10:47 


	What forces act on the ball? Why does it slow down?

	00:08:05
	Interviewer
	… and watch how it moves. It doesn’t have to go very far, but I want you to think about how it moves when you’re kicking it and how it moves after you kick it. OK? So go ahead and kick the ball.

	00:08:19
	Interviewer
	So tell me about your first picture, that’s while your foot is kicking the ball?

	00:08:23
	Nikhel
	Yes

	00:08:24
	Interviewer
	OK, so what forces do you think there are then?

	00:08:27
	Nikhel
	Your foot and the ball…(see figure 1)

	00:08:29
	Interviewer
	…and the ball? So the ball is a force too?

	00:08:33
	Alana
	No

	00:08:33
	Nikhel
	No, wait a minute… your foot, yeah.

	00:08:36
	Interviewer
	Your foot is the force?

	00:08:37
	Stacey
	Yes.

	00:08:38
	Interviewer
	OK, so I need a force to make it move?

	00:08:40
	Alana
	Uh-huh.

	00:08:41
	Interviewer
	OK, I See.

	00:08:42
	Nikhel
	… and energy’ll make it move.

	00:08:43
	Interviewer
	… and energy to make it move? Alright. Um... so, after you kicked it, it was still moving, right?

	00:08:50
	Nikhel
	Yes

	00:08:50
	Alana
	Uh-huh

	00:08:51
	Interviewer
	Er… so, was there a force then?

	00:08:56
	Nikhel
	It probably still had some more force to move it a little bit, but then it probably …

	00:09:05
	Interviewer
	So where do you think that force came from?

	00:09:07
	Nikhel
	The foot (points to foot on picture)

	00:09:09
	Interviewer
	The foot? So, so there was still some force from the foot… making it move?

	00:09:13
	Nikhel
	Uh-huh

	00:09:13
	Alana
	Uh-huh (nods agreement)

	00:09:14
	Interviewer
	(to Stacey) Is that what you think too? OK. And then it stopped, why? 

	00:09:19
	Nikhel
	Because there was no more force, to push it.

	00:09:22
	Interviewer
	There was no more force to push it.

	00:09:24
	Interviewer
	So…what were you saying then, Ian, about the forces?

	00:09:28
	Ian
	Er… I can’t explain the forces in a picture. (see figure 2)

	00:09:30
	Interviewer
	OK. Well… Aaron, why don’t you tell me about the first picture, what’s this?

	00:09:36
	Aaron
	This is the foot kicking the ball, and the force behind it which is making it move.

	00:09:40
	Interviewer
	So what, what makes the force?

	00:09:43
	Aaron
	The foot, … your foot.

	00:09:43
	Interviewer
	Your foot makes the force? Alright, and Ian, you tell me about the second picture.

	00:09:45
	Interviewer
	

	00:09:48
	Ian
	OK… that’s for wind… that’s for moving (indicates lines behind ball on picture) Um… it still has the force of the foot behind it, but the foot isn’t pushing the ball, but it still has the force that the foot put on it.

	00:10:02
	Interviewer
	What makes you think that?

	00:10:03
	Ian
	Because it keeps… the foot pushes the ball… and, when the foot isn’t touching it, that … means…

	00:10:15
	Interviewer
	Go on, go ahead.

	00:10:16
	Ian
	…that is… it keeps moving because it still has the force of the foot on the ball.

	00:10:21
	Interviewer
	So, what would happen if it didn’t have the force of the foot on there?

	00:10:24
	Ian
	It would just stop.

	00:10:26
	Interviewer
	So why do you think the ball does stop eventually?

	00:10:29
	Aaron
	Because the foot isn’t pushing it any more.

	00:10:32
	Interviewer
	OK…………………….What were you gonna say?

	00:10:32
	Aaron
	 ……The force runs out……………………The force runs out.

	00:10:34
	Interviewer
	The force of the foot runs out?

	00:10:35
	Aaron
	Yes

	00:10:36
	Interviewer
	OK…Alright…um…So if…suppose that force of the foot didn’t run out, what would happen?

	00:10:43
	Ian
	It would keep moving and moving for ever.

	00:10:46
	Interviewer
	It would keep moving and moving along for ever.


In this article we provide a broad outline of educational research on student ideas about forces and motion.  The last 20 years of research on children’s ideas has revealed that there are some common ideas that students use to explain their experiences with moving objects.  In the educational research literature, student ideas have been referred to as misconceptions, pre-conceptions, intuitive knowledge and/or naïve theories of motion.  These ideas are often consistent, reliable, and reasonable to students even though they are not necessarily consistent with scientists’ ideas.  

Educational researchers Gunstone and Watts (1985) classified the findings of the research on students’ ideas about force and motion into general categories. Physics education researcher Michael McCloskey (1983) also studied the types of ideas students have acquired about motion through experience with moving objects.  He found that a large majority of college students interviewed consistently explained motion using what McCloskey calls the “impetus theory.”  This naïve theory of motion leads to common student ideas that are not consistent with scientists’ ideas.

Common ideas from the work of Gunstone and Watts (1985) and McCloskey (1983) are described below. 

Common Idea 1: Impetus Theory- Internal Force. 
According to this idea, the act of setting an object in motion imparts to the object an internal force or “impetus” that serves to maintain motion.  In the physics class this is often stated in terms of “force being transferred” from one object to another during an interaction.  

Common Idea 2: Impetus Theory- Force Runs Out. 
According to this idea the moving object’s impetus gradually dissipates and as a result the object gradually slows down and comes to a stop. In the physics classroom this often appears in statements such as “the force runs out.”  

Common Idea 3:  Forces have to do with living things.

This idea was investigated by Jean Piaget in the 1920s.  By interviewing children while they worked on force problems, he found that children tend to think of force as something having to do with living things.  Children often use animistic terms to describe how inanimate objects can exert a force.  For example, children often refuse to believe that a spring exerts a force on a car because the spring is not alive.

Common Idea 4:  Constant motion requires constant force.

Children of all ages (including many undergraduate physics students) often develop a general rule that an object moving at a constant speed must be experiencing a constant force.  This idea is expressed in statements such as, “If it is moving, there must be some kind of push on it,” or “it is moving, it has to have some kind of force in it.”  The former illustrates the notion that objects cannot “do something” without a reason, in this case a force.  The latter is an example of the notion that during a mechanical interaction such as a push, force is transferred from the hand to the object.  This force is now “in” the object and when it runs out, the object slows down and eventually stops moving.  This idea is very common in elementary school, middle school, high school and college.  It is possible that part of the reason that these types of ideas develop is that people never actually experience a world with no friction.  As a result, there is always an invisible force acting against the motion of objects, whether it is friction or air resistance.  In most people’s experience, some kind of push is indeed often needed to keep objects like blocks and couches moving at a constant speed.  

Common Idea 5: The amount of motion is proportional to the amount of force.

The idea that constant motion requires constant force (common idea 4) often implies that no force means no motion.  This is further generalized by many students to mean that the quantity of force is proportional to the quantity of movement. So, for example, a child might say that an object slowed down because a small amount of force was applied. The child might go on to explain that this means that a small amount of force will give rise to a “slow” speed but a large amount of force will give rise to a “fast” speed.  This is very different from the scientists’ idea that any unbalanced force in the direction of motion will cause an object to speed up and any unbalanced force opposite the direction of motion will cause an object to slow down.

Common Idea 6:  If a body is not moving there is no force acting on it.

There is a subtle difference between this idea and the idea that no-force-means-no motion, discussed in the previous section.  In this case, the learner believes that a stationary object has no forces acting on it at all. This does not account for an apple hanging on a tree or a person standing on the ground. This idea is not consistent with the scientists' idea that an object with balanced forces acting on it might not be moving at all.

Common Idea 7:  If a body is moving there is a force acting on it in the direction of motion.

Children typically associate the direction of motion with the direction of the force acting on the object.  A classic example of this can be found when students study circular motion.  When students are asked to hit a moving ball with a club so that it goes in a circle on the floor, they often try to hit the ball around a circular path.  After trying this several times, they ultimately discover that the ball must be hit towards the center of the circle.

Summary

Common ideas 3 through 7 initially reported by Gunstone and Watts (1985) fall under the broader heading: Motion Implies Force.  The Common ideas 1 and 2 were originally reported by McClosky and fall under the broader heading of impetus, or something imparted to and contained within an object. Researchers and practitioners have found that these ideas are common at all grade levels up to and including college.  These ideas are often found to be consistent with students’ everyday experiences, largely because we live in a world full of friction. For this reason, the idea that Motion Implies Force and the idea that impetus is imparted to an object is very resistant to change, even in the face of evidence.  Gunstone and Watts (1985) quote physics education researcher John Clement:

‘In conclusion, the data support the hypothesis that for the majority of these students, the ‘motion implies a force’ preconception was highly resistant to change.  This conclusion applies to the extent that students could not solve basic problems of this kind where the direction of motion does not coincide with the direction of force’. (p. 97)

As learners, it is important to keep in mind that we come into the classroom with our own ideas about how the world works.  Some of these ideas work very well in the conditions under which we live.  In science, however, we are often asked to imagine a broader range of possible conditions and to extend our explanations to account for them.  As learners, we must become aware of our own ideas and the ideas of others.  We must also become aware that our own misconceptions, pre-conceptions, naïve theories or ideas are seeds from which more powerful ideas can grow.  We should always be mindful of the fact that we are not blank slates; we have ideas—good ideas.  Our initial ideas may not always be consistent with the ideas of scientists.  Awareness of these ideas has allowed teachers and curriculum developers to design lessons and curricula that can help students build on their own ideas.  Our ideas, and our children’s ideas, should be respected and valued.  Through carefully crafted classroom experiences, children’s ideas can be modified and developed by the children themselves into ideas that have a broader range of application.
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