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(1986)
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(concept mapping)

( Novak, 1998; Novak & Gowin, 1984; White & Gunstone, 
1992)

(
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80  
1984 Learning How to Learn

Novak & Gowin
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(Novak & Gowin, 1984)
Novak

2 1
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(1) ( )  
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(4) 

 
Novak & Gowin

(Novak & Gowin, 1984)
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Dilber et al. (2009, p.205) 
 

4 Aristotle
Aristotle

Aristotle

Prescott Aristotle
(Prescott, 

2004)  
6 Boyer Philoponus Aristotle

(impetus theory) (Boyer,1991) Philoponus

(impetus)

 
11 Boyer Ibn-Sina

(Boyer, 1991)

 
14

Buridan Aristotle

Buridan

Prescott
(Prescott, 2004)  

17 Kozhevnikov & Hegarty Galileo

(Kozhevnikov & Hegarty, 2001) Hawking Galileo
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Dialogues Concerning Two Sciences Sagredo
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2
Newton

3 McCloskey

(McCloskey, 1983a)  
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Novak (1977) preconceptions Driver & Easley (1978) alternative 
conceptions Helm (1980) misconceptions
Sutton (1980) children’s scientific intuitions Gilbert et al. 
(1982) children’s science Halloun & Hestenes (1985b) common 
sense concepts Pines & West (1986) spontaneous knowledge

 
Eryilmaz

Eryilmaz, 2002 Eryilmaz (2002, 
pp.1001-1002)

8  
(1) (motion 

implies force misconception)
(Champagne et al., 1980; Clement, 1982; Gunstone, 

1987; Sadanand & Kess, 1990; Sequeira & Leite, 1991; Whitaker, 1983)  
(2) 

(Champagne et al., 1980; Sequeira & Leite, 1991)  
(3) 

(Halloun & Hestenes, 1985b)  
(4) 2

2
(Rosenquist & 

McDermott, 1987; Trowbridge & McDermott, 1980, 1981; Whitaker, 1983)  
(5) 

(Caramazza et al., 1981; Halloun & Hestenes, 1985b; McCloskey & Kohl, 1983)  
(6) 
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(Gunstone & 
White, 1981; Minstrell, 1982)  

(7) 

(Maloney, 1984; Minstrell, 1982; Sadanand & Kess, 1990; Sequeira & Leite, 
1991)  

(8) 
(Gunstone, 1987)  

2.1 2.2 ( Alonzo & Steedle, 2009, p.395
2012, p.22)  
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Common Student Conceptions About Force and Motion (Alonzo & Steedle, 2009, p.395)

Conception References Documenting Conception 
Forces are caused by living or active things Halloun and Hestenes (1985b) and Minstrell 

(n.d.) 
Forces can only be caused by something 
touching an object 

Halloun and Hestenes (1985b) and Minstrell 
(n.d.) 

Weight, motion, activity, and strength are 
important in determining an object’s force 

Ioannides and Vosniadou (2001) 

Force is a property of a single object, rather 
than a feature of the interaction between 
two objects 

Reiner, Slotta, Chi, and Resnick (2000) 

A moving object has a force within it, which 
keeps it going 

Reiner et al. (2000), Halloun and Hestenes 
(1985b), Ioannides and Vosniadou (2001), 
and McCloskey (1983b) 

A moving object stops when its force is used 
up, which happens naturally over time 

Halloun and Hestenes (1985b), McCloskey 
(1983b), and Trumper and Gorsky (1996) 

If there is motion, there is a force acting Clement (1982) and Ioannides and 
Vosniadou (2001) 

If there is no motion, then there is no force 
acting 

Halloun and Hestenes (1985b), Gilbert and 
Watts (1983), and Minstrell (n.d.) 

A “preventer” force is required to keep an 
object at rest 

Minstrell (n.d.) 

Forces cause motion in the direction of the 
force 

diSessa (1983) 

If there is a force, then there is motion Champagne, Klopfer, and Anderson (1980) 
If there is not a force, either there is no 
motion or the motion is decreasing 

Champagne et al. (1980) 

When an object is moving, there is a (net) 
force in the direction of its motion 

Gilbert and Watts (1983), Minstrell (n.d.), 
and Trumper and Gorsky (1996) 

Motion is proportional to the force acting Champagne et al. (1980) 
If there is no net force, an object slows down Halloun and Hestenes (1985b) 
A constant speed results from a constant 
(net) force 

diSessa (1983), Champagne et al. (1980), 
Gilbert and Watts (1983), Halloun and 
Hestenes (1985b), and Minstrell (n.d.) 

Constant acceleration requires a constantly 
changing force 

Champagne et al. (1980), Halloun and 
Hestenes (1985b), and Minstrell (n.d.) 

A force cannot keep accelerating an object 
indefinitely 

Halloun and Hestenes (1985b) 
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(naive theory)

(naive physics) ( , 1987 , 
1989 , 1997)

Gauld
ideas meanings conceptions structures science

mis- alternative- personal- children’s- pre- 20 (Gauld, 
1987)

 

Fisher (1985)
 

(1)  
(2)  
(3)  
(4) 

 
(5)  
(6)  

(a)  
(b)  
(c)  

(1989) Fisher (6)

 
(conceptual change) Dilber et al. (2009, pp.207-208) 

 
Piaget

Thorley & Stofflett 20
(Thorley & Stofflett, 1996)  
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1
(Hewson & Hewson, 1983; Posner et al., 1982) 2

1
3 1 4

4
 

(1) 
 

(2) 

 
(3) 

 
(4) 

 

1 Chi (1992)
Chi 1

Guzzetti et al.

(Guzzetti et al., 1997)

(Başer & Geban, 2008; Chinn & 
Brewer, 1993; Guzzetti et al., 1995; , 2011)

Tsaparlis & Papaphotis

(Tsaparlis & Papaphotis, 2008)  
Eryilmaz (2002, p.1003) 

8
2 6  

(1) 
(Driver & Easley, 1978; Halloun & Hestenes, 1985b; Helm, 1980; 

Novak, 1977; Pines & West, 1986; Sutton, 1980; Watts & Pope, 1989)  
(2) 

(Halloun & Hestenes, 1985b; Helm, 1980; Maloney, 1984)  
(3) 

(Peters, 1982)  
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(4) 
(Champagne et al., 1980; Halloun & Hestenes, 1985a)  

(5) 
(Brown & Clement, 1987; Clement, 

1982; Halloun & Hestenes, 1985a; Viennot, 1979)  
(6) 

(Brouwer, 1984; Posner et al., 1982)  
Reiner et al.

1979 1987
2,000  (Reiner et al., 

2000)  
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2 VF

Vout
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0.2 s 
R3C = 57.8 ms  
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F = 0.235 VF + 0.03 mV
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3.6 t = 0 s 

t = -1 2 s
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t = 2 4 s VF 0 mV
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Clement (1982, 1983) Clement

Pendulum Problem Coin Problem Rocket Problem 3

Motion Implies a Force MIF Clement MIF
“Presumably the conception is 

rooted in everyday perceptual-motor experiences with pushing and pulling objects.”

(Clement , 1983) (1987) 7

 
Chi et al. (1981) 

1 2

(heuristics) (metacognition)
(Larkin et al., 1980 Schoenfeld, 1985)

3
Novak & Gowin (1984)
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I II
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4 (1) (5)  
 
(1)  Clement (1983) (1987)
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5 11 1 13 3 15
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