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• Moreover, the system of lexical semantic 
contrasts with these verbs shows that the 
relevant notion of force is the notion of impetus 
known from psychological work on „naive 
physics“.



Part 1: Classifying Movement Verbs



The importance of the distinction 
Manner of movement / Direction of movement:

• Talmy's (1985) hypothesis of a lexical typology 
[in our own paraphrase:] 

± manner verbs as the syntactic core of the 
clause
± manner verbs allowed with directional 
complements;

Presupposes that a clear distinction between 
manner verbs and verbs of direction can be 
drawn.

Verb Classification: Direction vs. Manner



• Levin & Rappaport (2007)
— hypothesise that verb meanings have to be 
unambiguously categorised as either "manner" or 
"result" verbs, with "direction" counting as a 
result-type feature.
One of their problem cases: climb appears to 
indicate both upward direction and (sometimes) 
manner.
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1. Verbs of directed movement

• "Verbs of inherently directed motion",
arrive, ascend, ?climb, descend, enter, fall, 
plunge, rise... etc.

• "Leave Verbs"
• ? "Chase Verbs",
• ? "Accompany Verbs"
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by the different patterns of resultative 
constructions.

Verb Classification: Defining the classes

a. The curtain rolled [ (*itself) open].
b. The children rolled [the grass flat].  
(Levin & Rappaport 1995: 209-10)

• The unaccusative use of roll gives rise to a 
direct causative (comparable to the causative-
inchoative alternation):

The cheese rolled to the station.
They rolled the cheese to the station.
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• The verb roll occurs as an unaccusative verb or 
an agentive verb.
• The unaccusative use of roll gives rise to a 
direct causative.

Verb Classification: Defining the classes

• Conclusion:
— the word meaning of roll is neutral wrt. a 
factor agentivity / control
— roll allows addition of an agentive component 
without change of manner

• There are other ROLL-type verbs which cannot 
be agentive (e.g. drift [or at least its German 
counterpart])
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2. Verbs of manner of movement 
• ROLL-class

bounce, drift, drop, float, glide, move, roll, slide, 
swing;  [AROUND AXIS]  coil, revolve, rotate, spin, 
turn, twirl...

• RUN-class 
bounce, clamber, climb, crawl, dash, float, fly, 
gallop, hurry, jump, limp, meander, roam, roll, run, 
swim, whiz, zigzag ...

In sum,
the ROLL class contains verbs that do not 
inherently specify a factor which controls the 
movement.
The RUN class carries a positive specification for 
an agentive / controlled movement (hence they 
are not unaccusative and block direct causatives).
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COMPARATIVE end• closer to 
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CONSTANT all ••  with same 
loc. relation along follow

Appplying the typology of path prepositions by 
Zwarts (2006)
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Verb Classification: Direction

type of path 
concept path-P path-V

HOLISTIC (shape) around ? rotate

PERIODIC
around-

and-
around

? oscillate

Appplying the typology of path prepositions by 
Zwarts (2006)
— residual types:

Here, the analogy begins to break down:
Path shape and periodic movements seem to 
yield manner of movement concepts.
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type of path 
concept path-P path-V

HOLISTIC (shape) around ? rotate

PERIODIC
around-

and-
around

? oscillate

Complication: Ambiguity of verbs like rotate
a. movement along a circular trajectory
b. movement of a thing around its own axis

a. = "translational movement" 
vs.
b. = "internal movement"

path component
vs.
manner 
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Some types of manner components in Levin's 
(1993) list:
• Internal movement: roll, [AROUND AXIS]: spin, 
etc.; swing...
• Path shape: meander, zigzag
• Type of surface contact: slide, bounce (?)...
• Step patterns / posture / affordances of moving 
entity:  run, waltz, gallop, crawl, limp, clamber; 
ski, cycle... 
• Speed and speed-related agency: dash, hurry

Manner components can usually be defined in terms of 
properties that hold locally, confined to the moving 
object and/or to subparts of the path.
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• manner: an event of rotation 
— with part structure (subevents): incremental 
chain defined by increasing angles of rotation.

5°    10°     15°     20°....

p1      p2      p3       p4  .....

rotation(e1)

change of place(e2)

Rothstein (2004)

Internal movement as a manner component: The case 
of roll

• translational movement component:  
mapping (homomorphism) of manner structure onto 
incremental change of place (but without localisation 
of path).
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Direction vs. Manner: Classification Problems

• Verbs of "vertical movement"(?): climb, sink...
— Are they manner verbs or verbs of directed 
movement?
— Can verbs combine a manner and a directed-
path component in one lexical entry (contra 
Levin & Rappaport 2007)?

climb
— upward direction?
— manner: "clambering"?

sink
— downward direction?
— manner: slowed down 
(# fall)

Hypothesis: These verbs are about a manner feature 
"(configuration of) force exertion"
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Verb Classification: Direction vs. Manner

A problem:
• climb is classified both under the RUN class of 
manner verbs and under the directed motion 
class by Levin (1993).
— Why does climb allow downward movements?
— How is this polysemy motivated?

• More problems: RUN verbs that need not be 
agentive, like fly, zigzag...
(These cases will turn out to be conceptually 
similar to climb )
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a. Bill climbed (onto) the mountain.
b. The train climbed up the mountain.
c. Bill climbed down the mountain.
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a. Bill climbed onto the mountain.
b. The train climbed up the mountain.
c. Bill climbed down the mountain.
d. ? The train climbed down the mountain.

Levin & Rappaport (2007), Kiparsky (1997):

Polysemy between two lexical entries:
— a manner variant that is neutral wrt. direction
— a directed motion variant

[manner]

[upward]

[manner]

e.  The balloon climbed (higher and higher).
?

?

Problem: What is the manner? 
When is downward movement possible or impossible?  
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• However, climbing as a downward movement of 
vehicles and animals without feet is possible:

Generalisation: Downward climbing requires 
controlled, stepwise descent
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Watching the sun also as it climbed down the cloudless 
sky, and literally counting the minutes till it should reach 
the horizon 
Haggard, H. Rider (Henry Rider), 1856-1925: The Ivory Child

The manner feature cannot be described as 
"clambering" (with feet and hands).

By the time the ATC informed them about the altitude of 
the Boeing, the plane had climbed down to 14496 feet. 
And just 26 seconds before disaster,...
skyscrapercity.com/archive/index.php/t-143494-p-2.html

Afterwards the snake climbed down the crack we climbed 
and my partner actually felt it slither past his hand which 
he had jammed into the crack! 
http://www.cascadeclimbers.com/forum/ubbthreads.php/ubb/showflat/Number/573409/
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Downward movements that cannot be called 
"climbing": e.g. dropping

Hypothesis:
— climb denotes force exertion against gravity;
— downward movements can only be called 
"climb" if they betray the presence of an upward 
force on certain points of the path.
→ Controlled, stepwise descent

Evidence:
1. The shape of the path adapts to points where the 
ground offers support (if force comes from push-off).
Consider the example: "They climbed onto the roof."
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direction up 
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Variant: "The ballon was climbing"

The verb climb also allows scenarios in which a 
freely suspended object (e.g. a balloon) exerts a 
continuous upward force (due to buoyancy).

Translational 
movement }

These cases require upward 
direction of the movement.
Downward movement would 
have to occur intermittently, 
between supported steps, 
which is not applicable here.
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Hypothesis, refined:
— climb denotes a manner feature "force exertion 
against gravity".
— As with all manner features, this is a condition 
on subparts of the unfolding event.
— The trajectory of a movement event constitutes 
an independent tier. 
The directionality of the translational movement 
cannot always be predicted from the manner.

— Corollary: climb as a downward movement 
requires a controlled, stepwise descent.

More empirical evidence for this account:
• climb vs. rise
• E. climb vs. German steigen
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• In many cases of upward movement, climb and 
rise can be used interchangeably:

The submarine rose to the surface.

The submarine climbed to 200 feet, then went 
into a steep glide which took her down to 380 
feet before control was [regained].
en.wikipedia.org/wiki/USS_Tunny_(SS-282) - 90k

• Rise does not allow downward movement.
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We have watched the river rise until it fills the 
field on the opposite bank... 
http://www.stellabooks.com/articles/day_in_life.php

The hairs on the back of his neck began to rise

The curtain rose.

With upward direction, climbing situations are a 
subclass of rise configurations: 
a freely moving object moving upward

• Observation 1:
Certain cases of rising could not be expressed by climb:
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• Observation 2:
Rise covers both movement of an object and 
change of vertical extension.
This property is shared by other words that 
denote upward vectors, e.g. high (Zwarts 1997)
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as extension

Height as position 
(distance 
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"rise" as change 
of extension:
"The hairs on his 
neck were rising"

"rise" as change 
of position:
"The submarine was 
rising"

Analogously:
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climb and rise

• Conclusion: 

Rise behaves as a purely directional predicate,
the behaviour of climb does not align with this 
semantic type.

— Rather, climb is used for situations in which a 
freely moving thing is perceived as opposing 
gravity.
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• Generalisation:
In uses with ground contact, steigen requires use of legs.
In uses without contact, no such restrictions are effective. 

• Note that G. steigen partly covers the English verb to 
step (movement may be horizontal):

Er stieg über die Pfütze  "He stepped over the puddle"
Er stieg auf die Leiter    "He stepped up onto the ladder"

• The comparison shows again that climb does not have a 
"clambering" component in its lexical meaning, while G. 
steigen combines the meaning of climb with a "stepping" 
feature.
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• The comparison also shows that German steigen 
should be considered polysemous between a 
manner and a separate "upward" reading.
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• If [+contact] and [–contact] uses of steigen 
constitute polysemy, the semantic model in terms 
of force exertion motivates it.
• There is a common conceptual core, but 
unpredictable features are added on the way from 
the core concept to a fully-fledged situation model.
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• If the conceptual core of climb is a constellation 
of forces (upward against gravity), then it has to be 
formulated in terms of the way in which humans 
perceive and conceptualise forces.
• Psychological investigation of force perception 
has led to a framework of "naive physics".

• Relevant here in particular: the "impetus" model 
(McCloskey & Kohl 1983)
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The Cliff and Ball Problem.

Ground

other words, subjects who have never taken a physics course make the

most errors, subjects who have completed a high-school course do

somewhat better, and subjects who have taken college physics make the

fewest errors. However, the same sorts of errors are made by subjects in

all three groups.

At first it appeared to us, as it must also appear to the reader,

that the errors obtained for the various problems reflected a wide variety

of separate and perhaps idiosyncratic misconceptions held by the subjects.

However, as we show in the next section, additional research revealed

that this was not the case.

A NAIVE THEORY OF MOTION

In an attempt to uncover the bases for the errors observed on our simple

problems, we conducted an experiment in which subjects were tested

individually. The subjects first solved several problems, and were then

interviewed at length about their answers. During the interviews, the

subjects were asked to explain their answers to the problems presented

initially. They were also asked to solve additional problems when there

was need to clarify a point. The subjects were encouraged to talk about

what they were thinking as they attempted to arrive at an answer to a

question or problem. The interviews, which lasted 1.5 to 2.5 hours per

subject, were tape recorded and later transcribed verbatim.

Subjects were 13 students at Johns Hopkins University  Four

of the subjects had never taken a physics course, three had taken high

school physics, and the remaining six had completed at least one year of

college physics. The~sults for the problems presented prior to the

interviews suggested that these 13 subjects were comparable to those

from the earlier experiments. In particular, the subjects from the present

experiment made the same sorts of errors as the subjects tested previously.

The interviews clearly indicate4 that at least 11 of the 13 subjects

relied heavily upon a well-developed naive theory of motion in arriving

at answers to the problems. Remarkably, all 11 subjects held the same

basic theory. This theory, which we will refer to as a naive impetus theory,

makes two fundamental assertions about motion. First, the theory asserts

that the act of setting an object in motion imparts to the object an internal

force or "impetus" that serves to maintain the motion. Second, the theory

assumes that a moving object's impetus gradually dissipates (either

spontaneously or as a result of external influences), and as a consequence

the object gradually slows down and comes to a stop. For example,

according to the impetus theory, a person who gives a push to a toy car

~ set it rolling across the floor imparts an impetus to the car, and it is this

impetus that keeps the car moving after it is no longer in contact with

the person's hand. However, the impetus is gradually expended, and as

a result the toy car slows down and eventually stops.

In the following discussion we present evidence that our

subjects do indeed hold a naive impetus theory. Further, we show that

many of the errors observed for our problems follow from this basic

theory and the specific elaborations of it developed by the subjects.

However, before discussing these points we digress briefly to consider

the differences between the impetus view and the principles of classical

physics.

According to the impetus theory, an object set in motion acquires

an internal force, and this internal force keeps the object in motion. This

view, which draws a qualitative distinction between a state of rest (absence

of impetus) and a state of motion (presence of impetus), is inconsistent

with the principles of classical physics. Classical physics argues that in

the absence of a net applied force, an object at rest remains at rest and

an object in motion remains in motion in a straight line at a constant

speed. Just as no force is required to keep an object at rest, no force is

the ball would move backwards when released (Fig. 13.4C). However,

the most common incorrect response, which was made by 36% of the

subjects, was that the ball would fall straight down (Fig. 13.4D). These

results suggest that many people have little understanding of projectile

motion.

Consider finally the very simple problem shown in Fig. 13.5,

which we recently presented to 135 students in an introductory psychology

class. The subjects were given the following instructions:

The diagram shows a side view of a cliff. The top of the cliff

is frictionless (in other words, perfectly smooth). A metal ball

is sliding along the top of the cliff at a constant speed of 50

miles per hour. Draw the path the ball will follow after it goes

over the edge of the cliff.  Ignore air resistance.

The correct answer for the cliff problem is similar to that for the airplane

problem. After the ball goes over the edge of the cliff, it will continue to

travel horizontally at a constant speed of 50 mph. However, the ball will

acquire a constantly increasing vertical velocity, and consequently will

fall in a parabolic arc.

Seventy-four percent of the subjects drew trajectories that appeared

more or less parabolic (see Fig. 13.6A). However, as shown in Figs. 13.6B

and 13.6C the drawings of 22% of the subjects clearly showed the ball

moving in an arc for some time and thereafter falling straight down.

These subjects apparently believed that the ball's horizontal velocity,

instead of remaining constant, would gradually decrease to zero. Several

of the subjects who believed that the ball would eventually be falling

straight down drew particularly interesting trajectories. In these trajectories,

one of which is reproduced in Fig. 13.6C, the ball continues to travel in

a straight horizontal line for some time after it goes over the edge of the

cliff. The ball then turns rather abruptly and falls straight down.

Fig. 13.5. Diagram of the cliff problem.

Fig. 13.6. Correct responses (A) and most common incorrect responses (B and C) for the cliff
problem

Other problems have produced results similar to those obtained for the

four problems discussed here. In other words, although some subjects

gave the correct answer, a large percentage made errors of various sorts.

For most of the problems we have employed, classroom physics

instruction appears to affect the number but not the types of errors. In
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of the subjects had never taken a physics course, three had taken high

school physics, and the remaining six had completed at least one year of

college physics. The~sults for the problems presented prior to the

interviews suggested that these 13 subjects were comparable to those

from the earlier experiments. In particular, the subjects from the present

experiment made the same sorts of errors as the subjects tested previously.

The interviews clearly indicate4 that at least 11 of the 13 subjects

relied heavily upon a well-developed naive theory of motion in arriving

at answers to the problems. Remarkably, all 11 subjects held the same

basic theory. This theory, which we will refer to as a naive impetus theory,

makes two fundamental assertions about motion. First, the theory asserts

that the act of setting an object in motion imparts to the object an internal

force or "impetus" that serves to maintain the motion. Second, the theory

assumes that a moving object's impetus gradually dissipates (either

spontaneously or as a result of external influences), and as a consequence

the object gradually slows down and comes to a stop. For example,

according to the impetus theory, a person who gives a push to a toy car

~ set it rolling across the floor imparts an impetus to the car, and it is this

impetus that keeps the car moving after it is no longer in contact with

the person's hand. However, the impetus is gradually expended, and as

a result the toy car slows down and eventually stops.

In the following discussion we present evidence that our

subjects do indeed hold a naive impetus theory. Further, we show that

many of the errors observed for our problems follow from this basic

theory and the specific elaborations of it developed by the subjects.

However, before discussing these points we digress briefly to consider

the differences between the impetus view and the principles of classical

physics.

According to the impetus theory, an object set in motion acquires

an internal force, and this internal force keeps the object in motion. This

view, which draws a qualitative distinction between a state of rest (absence

of impetus) and a state of motion (presence of impetus), is inconsistent

with the principles of classical physics. Classical physics argues that in

the absence of a net applied force, an object at rest remains at rest and

an object in motion remains in motion in a straight line at a constant

speed. Just as no force is required to keep an object at rest, no force is

the ball would move backwards when released (Fig. 13.4C). However,

the most common incorrect response, which was made by 36% of the

subjects, was that the ball would fall straight down (Fig. 13.4D). These

results suggest that many people have little understanding of projectile

motion.

Consider finally the very simple problem shown in Fig. 13.5,

which we recently presented to 135 students in an introductory psychology

class. The subjects were given the following instructions:

The diagram shows a side view of a cliff. The top of the cliff

is frictionless (in other words, perfectly smooth). A metal ball

is sliding along the top of the cliff at a constant speed of 50

miles per hour. Draw the path the ball will follow after it goes

over the edge of the cliff.  Ignore air resistance.

The correct answer for the cliff problem is similar to that for the airplane

problem. After the ball goes over the edge of the cliff, it will continue to

travel horizontally at a constant speed of 50 mph. However, the ball will

acquire a constantly increasing vertical velocity, and consequently will

fall in a parabolic arc.

Seventy-four percent of the subjects drew trajectories that appeared

more or less parabolic (see Fig. 13.6A). However, as shown in Figs. 13.6B

and 13.6C the drawings of 22% of the subjects clearly showed the ball

moving in an arc for some time and thereafter falling straight down.

These subjects apparently believed that the ball's horizontal velocity,

instead of remaining constant, would gradually decrease to zero. Several

of the subjects who believed that the ball would eventually be falling

straight down drew particularly interesting trajectories. In these trajectories,

one of which is reproduced in Fig. 13.6C, the ball continues to travel in

a straight horizontal line for some time after it goes over the edge of the

cliff. The ball then turns rather abruptly and falls straight down.

Fig. 13.5. Diagram of the cliff problem.

Fig. 13.6. Correct responses (A) and most common incorrect responses (B and C) for the cliff
problem

Other problems have produced results similar to those obtained for the

four problems discussed here. In other words, although some subjects

gave the correct answer, a large percentage made errors of various sorts.

For most of the problems we have employed, classroom physics

instruction appears to affect the number but not the types of errors. In

Ground

other words, subjects who have never taken a physics course make the

m ost errors, su bjects w ho have com pleted  a h igh-school cou rse d o

somewhat better, and  subjects who have taken college physics make the

fewest errors. However, the same sorts of errors are made by subjects in

all three groups.

At first it appeared  to us, as it must also appear to the reader,

that the errors obtained for the various problems reflected a wide variety

of separate and perhaps idiosyncratic misconceptions held by the subjects.

However, as we show in the next section, add itional research revealed

that this was not the case.

A NAIVE THEORY OF MOTION

In an attempt to uncover the bases for the errors observed on our simple

problems, we conducted  an experiment in which subjects were tested

ind ividually. The subjects first solved  several problems, and  were then

interviewed  at length about their answers. During the interviews, the

subjects were asked  to explain their answers to the problems presented

initially. They were also asked  to solve additional problems when there

was need  to clarify a point. The subjects were encouraged  to talk about

what they were thinking as they attempted  to arrive at an answer to a

question or problem. The interviews, which lasted  1.5 to 2.5 hours per

su b ject , w ere tap e record ed  an d  la ter  t r an scr ibed  v er ba t im .

Subjects were 13 students at Johns Hopkins University  Four

of the subjects had  never taken a physics course, three had  taken high

school physics, and the remaining six had completed  at least one year of

college p hysics. The~su lts for the p roblem s p resented  p rior to the

interviews suggested  that these 13 subjects were comparable to those

from the earlier experiments. In particular, the subjects from the present

experiment made the same sorts of errors as the subjects tested previously.

The interviews clearly indicate4 that at least 11 of the 13 subjects

relied  heavily upon a well-developed naive theory of motion in arriving

at answers to the problems. Remarkably, all 11 subjects held  the same

basic theory. This theory, which we will refer to as a naive impetus theory,

makes two fundamental assertions about motion. First, the theory asserts

that the act of setting an object in motion imparts to the object an internal

force or "impetus" that serves to maintain the motion. Second, the theory

assumes that a moving object's impetus grad ually d issipates (either

spontaneously or as a result of external influences), and as a consequence

the object grad ually slow s d ow n and  comes to a stop . For example,

accord ing to the impetus theory, a person who gives a push to a toy car

~ set it rolling across the floor imparts an impetus to the car, and it is this

impetus that keeps the car moving after it is no longer in contact w ith

the person's hand. However, the impetus is gradually expended, and  as

a result the toy car slows down and  eventually stops.

In  the follow ing d iscu ssion w e p resent evid ence that ou r

subjects do indeed  hold  a naive impetus theory. Further, we show that

many of the errors observed  for our p roblems follow  from this basic

theory and  the specific elaborations of it d eveloped  by the subjects.

However, before d iscussing these points we d igress briefly to consider

the d ifferences between the impetus view and  the principles of classical

physics.

According to the impetus theory, an object set in motion acquires

an internal force, and  this internal force keeps the object in motion. This

view, which draws a qualitative distinction between a state of rest (absence

of impetus) and  a state of motion (presence of impetus), is inconsistent

with the principles of classical physics. Classical physics argues that in

the absence of a net applied  force, an object at rest remains at rest and

an object in motion remains in motion in a straight line at a constant

speed . Just as no force is required  to keep  an object at rest, no force is

the ball would  move backwards when released  (Fig. 13.4C). However,

the most common incorrect response, which was made by 36% of the

subjects, was that the ball would  fall straight down (Fig. 13.4D). These

results suggest that many people have little understanding of projectile

motion.

Consider finally the very simple problem shown in Fig. 13.5,

which we recently presented to 135 students in an introductory psychology

cla ss . Th e  su b ject s  w ere  g iv en  t h e  fo llow in g  in s t r u ct ion s :

The d iagram shows a side view of a cliff. The top  of the cliff

is frictionless (in other words, perfectly smooth). A metal ball

is slid ing along the top  of the cliff at a constant speed  of 50

miles per hour. Draw the path the ball will follow after it goes

o v er  t h e  ed g e  o f t h e  cl iff.  Ig n o r e  a ir  r e s is t a n ce .

The correct answer for the cliff problem is similar to that for the airplane

problem. After the ball goes over the edge of the cliff, it will continue to

travel horizontally at a constant speed of 50 mph. However, the ball will

acquire a constantly increasing vertical velocity, and  consequently will

fall in a parabolic arc.

Seventy-four percent of the subjects drew trajectories that appeared

more or less parabolic (see Fig. 13.6A). However, as shown in Figs. 13.6B

and  13.6C the d rawings of 22% of the subjects clearly showed  the ball

moving in an arc for some time and  thereafter falling straight dow n.

These subjects apparently believed  that the ball's horizontal velocity,

instead of remaining constant, would gradually decrease to zero. Several

of the subjects who believed  that the ball would  eventually be falling

straight down drew particularly interesting trajectories. In these trajectories,

one of which is reproduced  in Fig. 13.6C, the ball continues to travel in

a straight horizontal line for some time after it goes over the edge of the

cliff. The ball then  tu rns rather abru p tly and  falls straigh t d ow n.

Fig. 13.5. Diagram of the cliff problem.

Fig. 13.6. Correct responses (A) and  most common incorrect responses (B and  C) for the cliff
problem
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results suggest that many people have little understanding of projectile

motion.

Consider finally the very simple problem shown in Fig. 13.5,

which we recently presented to 135 students in an introductory psychology

cla ss . Th e  su b ject s  w ere  g iv en  t h e  fo llow in g  in s t r u ct ion s :

The d iagram shows a side view of a cliff. The top  of the cliff
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miles per hour. Draw the path the ball will follow after it goes
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travel horizontally at a constant speed of 50 mph. However, the ball will

acquire a constantly increasing vertical velocity, and  consequently will

fall in a parabolic arc.

Seventy-four percent of the subjects drew trajectories that appeared

more or less parabolic (see Fig. 13.6A). However, as shown in Figs. 13.6B
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instead of remaining constant, would gradually decrease to zero. Several

of the subjects who believed  that the ball would  eventually be falling

straight down drew particularly interesting trajectories. In these trajectories,

one of which is reproduced  in Fig. 13.6C, the ball continues to travel in

a straight horizontal line for some time after it goes over the edge of the
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gave the correct answer, a large percentage made errors of various sorts.
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instruction appears to affect the number but not the types of errors. In

Comment. Dieses ist die zentralste Veranschaulichung,
vgl. das oben im Newton-Kapitel gesagte. In
Interviews erhielten McCloskey und Kohl die
Bestätigung für diese zweiphasige konzeptualisierung
der vorliegenden Bewegung: ‘‘The ball first
moves straight on, and then gravity wins and
the ball begins to fall down.’’

This chapter’s file:
d.chap.roleOfPhysics

This is a work-in-progress version. Do not quote yet withou tauthor’s
knowledge. Last change or typeset: March 5, 2008

a)             b)            c)

Evidence: the ball-and-cliff problem 
When a ball is shot from the edge of a cliff, many naive 
subjects would draw the trajectory as in c).

Intuitively, the ball inherits impetus; when it is used 
up, gravitation wins and the ball is falling down.
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The Airplane Problem.

The subjects were then asked  to d raw  the path the ball would  follow

after it emerged  from the tube, ignoring air resistance and  any spin the

ball might have.

For problem B, the subjects were told :

Imagine that someone has a metal ball attached  to a string and

is tw irling it at h igh speed  in  a circle above his head . In  the

diagram you are looking down on the ball. The circle shows the

path followed  by the ball and  the arrows show the d irection in

which it is moving. The line from the center of the circle to the

ball is the string. Assume that when the ball is at the point shown

in the d iagram, the string breaks where it is attached  to the ball.

Draw the path the ball will follow after the string breaks. Ignore

air resistance.

Newton's first law  states that in the absence of a net applied  force, an

object in motion will travel in a straight line. Thus, the correct answer to

the spiral tube problem is that after the ball leaves the tube it will move

in a straight line in  the d irection of its instantaneous velocity at the

moment it exits the tube (see Fig.

13.2A).

The correct answer to the ball and  string problem is similar.

As shown in Fig. 13 .2C, the ball will fly off in a straight line along the

tangent to the circle at the point where the ball was located  when the

string broke. In other words, the ball will travel in a straight line in the

d irection of its instantaneous velocity at the moment the string broke.

(The force of gravity acts in a d irection perpendicular to the horizontal

plane, and so will not affect the speed or direction of the ball's horizontal

motion.)

Somewhat surprisingly, a substantial proportion of the subjects

gave incorrect answers to the problems (Mccloskey, Caramazza & Green,

1980). For the spiral tube problem, 51% of the subjects thought that the

ball would  follow a curved  path after emerging from the tube (see Fig.

13.2B). Similarly, for the ball and  string p roblem 30% of the subjects

believed  that the ball w ould  continue in curvilinear motion after the

string broke (Fig. 13.2D). One other interesting aspect of the resu lts is

that most subjects who drew curved  paths apparently believed  that the

ball's trajectory would  gradually straighten ou t. This straightening of

trajectories can be seen in the representative responses shown in Figs.

13.2B and  13.2D.

Figure 13.3 shows another problem we have used, the airplane problem.

For this problem subjects were told  that

In the d iagram, an airplane is flying along at a constant speed.

The plane is also flying at a constant altitude, so that its flight

path is parallel to the ground . The arrow shows the d irection

in which the plane is flying. When the plane is in the position

shown in the d iagram a large metal ball is d ropped  from the

p lane. The p lane continues flying at the same speed  in the

same direction and at the same altitude. Draw the path the ball

will follow from the time it is dropped until it hits the ground.

Ignore wind  or air resistance. Also, show as well as you can,

the position of the plane at the moment the ball hits the ground.

Fig. 13.3. Diagram of the airplane problem.

Fig. 13.4. Correct resp onse (A) and  incorrect resp onses (B-D) for the airp lane p roblem .

The correct answer to the problem, which is shown in Fig. 13.4A, is that

the ball w ill fall in a parabolic arc. The airp lane will be d irectly above

the ball w hen it hits the ground . This answ er may be understood  by

noting that the total velocity of the ball m ay be d ecom p osed  in to

independent horizontal and verticalcomponents. Before the ball is dropped,

it has a horizontal velocity equal to that of the p lane, and  a vertical

velocity of zero. After the ball is released, it undergoes a constant vertical

acceleration due to gravity, and  thus acqu ires a constantly increasing

vertical velocity. The ball's horizontal velocity, however, does not change.

In other words, the ball continues to move horizontally at a speed  equal

to that of the plane. (The force of gravity acts in a direction perpendicular

to that of the ball's horizontal motion, and consequently does not influence

the ball's horizontal velocity. Further, no other forces are acting on the

ball. Thus, accord ing to the p rincip le of inertia, the ball's horizontal

velocity will remain constant.) The combination of the constant horizontal

velocity and  the continually increasing vertical velocity p rod uces a

parabolic arc. Finally, because the horizontal velocity of the ball is always

the same as that of the p lane, the p lane will remain d irectly above the

ball until the ball hits the ground.

When we presented  the airplane problem to 48 subjects, we obtained  a

variety of responses (Green, McCIoskey& Caramazza,1 980). Nineteen

subjects, or 40%, d rew forward  arcs that looked  more or less parabolic

(see Fig. 13.4A). Fifteen of these 19 subjects indicated that the plane would

be d irectly over the ball when the ball hit the ground . However, four

subjects indicated that at the moment the ball hit the ground, the airplane

would  be well ahead  of it horizontally.

Thirteen percent of the subjects thought that the ball w ou ld  fall in  a

straight d iagonal line (Fig. 13.4B), whereas another 11% ind icated  that

The subjects were then asked  to d raw  the path the ball would  follow

after it emerged  from the tube, ignoring air resistance and  any spin the

ball might have.
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plane, and so will not affect the speed or direction of the ball's horizontal

motion.)

Somewhat surprisingly, a substantial proportion of the subjects

gave incorrect answers to the problems (Mccloskey, Caramazza & Green,

1980). For the spiral tube problem, 51% of the subjects thought that the

ball would  follow a curved  path after emerging from the tube (see Fig.

13.2B). Similarly, for the ball and  string p roblem 30% of the subjects

believed  that the ball w ould  continue in curvilinear motion after the

string broke (Fig. 13.2D). One other interesting aspect of the resu lts is

that most subjects who drew curved  paths apparently believed  that the

ball's trajectory would  gradually straighten ou t. This straightening of

trajectories can be seen in the representative responses shown in Figs.

13.2B and  13.2D.

Figure 13.3 shows another problem we have used, the airplane problem.

For this problem subjects were told  that

In the d iagram, an airplane is flying along at a constant speed.

The plane is also flying at a constant altitude, so that its flight

path is parallel to the ground . The arrow shows the d irection
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shown in the d iagram a large metal ball is d ropped  from the

p lane. The p lane continues flying at the same speed  in the

same direction and at the same altitude. Draw the path the ball
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40% parabolic (A, correct), not all of them with the
correct plane position, 13% straight line (B), 11%
backwards (C), 36% straight down (D).
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13 Naive Theories of Motion
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Everyday life provides people with countless opportunities for observing

and interacting with objects in motion. For example, watching a baseball

game, driving a car and even dropping a pencil involve encounters with

moving objects. Thus, everyone presumably has some sort of knowledge

about motion. However, it is by no means clear what form or forms this

knowledge may take. Everyday experience may lead only to the acquisition

of concrete facts about the behavior of specific objects in specific situations

(e.g., when a moving billiard  ball strikes a stationary ball head  on, the

moving ball often stops). Alternatively, experience may resu lt in  the

ind uction of d escrip tive generalizations that summarize a variety of

observations (e.g., moving objects eventually slow  d ow n and  stop ).

Finally, experience might even lead  to the development of implicit theo-

ries of motion that provide explanations for, as well as descrip tions of,

the behavior of moving objects (e.g., changes in the speed  or d irection

of an object's motion are caused  by external forces).

In this chap ter w e d escribe research aimed  at d etermining

what sorts of knowledge are in fact acquired  through experience with

moving objects. We first present some basic find ings from experiments

in which subjects solved  simple problems concerning objects in motion.

We then show that these and  other find ings imply that people develop

on the basis of their everyday experience remarkably well-articu lated

naive theories of motion. Further, we argue that the assumptions of the

naive theories are quite consistent across individuals. In fact, the theories

developed by d ifferent individuals are best described  as d ifferent forms

of the same basic theory. Although this basic theory appears to be a

reasonable outcome of experience with real-world  motion, it is strikingly

inconsistent with the fundamental principles of classical physics. In fact,

the naive theory is remarkably similar to a pre-Newtonian physical theory

popular in the 14th through 16th centuries.

In addition to considering the nature of the knowledge acquired

through experience with moving objects, we briefly d iscuss the ways in

which the experience-based knowledge interacts with knowledge acquired

throu gh  classroom  instru ction  in  p hysics. Finally, w e d iscu ss the

relationship  of our work to other research concerning knowledge and

reasoning about physics, and mention several important issues for future

research.

MISCONCEPTIONS ABOUT MOTION

We first attempted to probe people's knowledge about motion in a series

of experiments employing simple, nonquantitative problems concerning

the behavior of moving objects. Subjects were undergraduate students

at the Johns Hopkins University. In each experiment three groups of

subjects were employed: (1) students who had never taken a high school

or college physics course; (2) students who had  taken high school bu t

not college physics; and  (3) students who had  completed  at least one

college physics course.

In one experiment we asked 48 subjects to solve thirteen simple

problems. Each problem consisted  of a d iagram, with instructions that

exp lained  the d iagram  and  asked  the subject to m ake a qualitative

prediction about the motion of an object. Two of the problems are shown

in  Fig. 13.1. For p roblem  A the su bjects w ere given  the follow ing

instructions:

The diagram shows a thin curved metal tube. In the diagram you

are looking down on the tube. In other words, the tube is lying

flat. A metal ball is put into the end  of the tube ind icated  by the

arrow and  is shot out of the other end  of the tube at high speed .

Fig. 13.1.  Diagrams for the spiral tube problem (A) and  the ball and  string problem (B).

Fig. 13.2. Correct response and  most common incorrect responses for the sp iral tube problem
an d  th e ba ll an d  st r in g  p rob lem . Th e cor rect  resp on ses ap p ea r  in  (A) an d  (C).
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Evidence from the "spiral tube problem"
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The Airplane Problem.

The subjects were then asked  to d raw  the path the ball would  follow

after it emerged  from the tube, ignoring air resistance and  any spin the

ball might have.

For problem B, the subjects were told :

Imagine that someone has a metal ball attached  to a string and

is tw irling it at h igh speed  in  a circle above his head . In  the

diagram you are looking down on the ball. The circle shows the

path followed  by the ball and  the arrows show the d irection in

which it is moving. The line from the center of the circle to the

ball is the string. Assume that when the ball is at the point shown

in the d iagram, the string breaks where it is attached  to the ball.

Draw the path the ball will follow after the string breaks. Ignore

air resistance.

Newton's first law  states that in the absence of a net applied  force, an

object in motion will travel in a straight line. Thus, the correct answer to

the spiral tube problem is that after the ball leaves the tube it will move

in a straight line in  the d irection of its instantaneous velocity at the

moment it exits the tube (see Fig.

13.2A).

The correct answer to the ball and  string problem is similar.

As shown in Fig. 13 .2C, the ball will fly off in a straight line along the

tangent to the circle at the point where the ball was located  when the

string broke. In other words, the ball will travel in a straight line in the

d irection of its instantaneous velocity at the moment the string broke.

(The force of gravity acts in a d irection perpendicular to the horizontal

plane, and so will not affect the speed or direction of the ball's horizontal

motion.)

Somewhat surprisingly, a substantial proportion of the subjects

gave incorrect answers to the problems (Mccloskey, Caramazza & Green,

1980). For the spiral tube problem, 51% of the subjects thought that the

ball would  follow a curved  path after emerging from the tube (see Fig.

13.2B). Similarly, for the ball and  string p roblem 30% of the subjects

believed  that the ball w ould  continue in curvilinear motion after the

string broke (Fig. 13.2D). One other interesting aspect of the resu lts is

that most subjects who drew curved  paths apparently believed  that the

ball's trajectory would  gradually straighten ou t. This straightening of

trajectories can be seen in the representative responses shown in Figs.

13.2B and  13.2D.

Figure 13.3 shows another problem we have used, the airplane problem.

For this problem subjects were told  that

In the d iagram, an airplane is flying along at a constant speed.

The plane is also flying at a constant altitude, so that its flight

path is parallel to the ground . The arrow shows the d irection

in which the plane is flying. When the plane is in the position

shown in the d iagram a large metal ball is d ropped  from the

p lane. The p lane continues flying at the same speed  in the

same direction and at the same altitude. Draw the path the ball

will follow from the time it is dropped until it hits the ground.

Ignore wind  or air resistance. Also, show as well as you can,

the position of the plane at the moment the ball hits the ground.

Fig. 13.3. Diagram of the airplane problem.

Fig. 13.4. Correct resp onse (A) and  incorrect resp onses (B-D) for the airp lane p roblem .

The correct answer to the problem, which is shown in Fig. 13.4A, is that

the ball w ill fall in a parabolic arc. The airp lane will be d irectly above

the ball w hen it hits the ground . This answ er may be understood  by

noting that the total velocity of the ball m ay be d ecom p osed  in to

independent horizontal and verticalcomponents. Before the ball is dropped,

it has a horizontal velocity equal to that of the p lane, and  a vertical

velocity of zero. After the ball is released, it undergoes a constant vertical

acceleration due to gravity, and  thus acqu ires a constantly increasing

vertical velocity. The ball's horizontal velocity, however, does not change.

In other words, the ball continues to move horizontally at a speed  equal

to that of the plane. (The force of gravity acts in a direction perpendicular

to that of the ball's horizontal motion, and consequently does not influence

the ball's horizontal velocity. Further, no other forces are acting on the

ball. Thus, accord ing to the p rincip le of inertia, the ball's horizontal

velocity will remain constant.) The combination of the constant horizontal

velocity and  the continually increasing vertical velocity p rod uces a

parabolic arc. Finally, because the horizontal velocity of the ball is always

the same as that of the p lane, the p lane will remain d irectly above the

ball until the ball hits the ground.

When we presented  the airplane problem to 48 subjects, we obtained  a

variety of responses (Green, McCIoskey& Caramazza,1 980). Nineteen

subjects, or 40%, d rew forward  arcs that looked  more or less parabolic

(see Fig. 13.4A). Fifteen of these 19 subjects indicated that the plane would

be d irectly over the ball when the ball hit the ground . However, four

subjects indicated that at the moment the ball hit the ground, the airplane

would  be well ahead  of it horizontally.

Thirteen percent of the subjects thought that the ball w ou ld  fall in  a

straight d iagonal line (Fig. 13.4B), whereas another 11% ind icated  that

The subjects were then asked  to d raw  the path the ball would  follow

after it emerged  from the tube, ignoring air resistance and  any spin the

ball might have.

For problem B, the subjects were told :

Imagine that someone has a metal ball attached  to a string and

is tw irling it at h igh speed  in  a circle above his head . In  the

diagram you are looking down on the ball. The circle shows the

path followed  by the ball and  the arrows show the d irection in

which it is moving. The line from the center of the circle to the

ball is the string. Assume that when the ball is at the point shown

in the d iagram, the string breaks where it is attached  to the ball.

Draw the path the ball will follow after the string breaks. Ignore

air resistance.

Newton's first law  states that in the absence of a net applied  force, an

object in motion will travel in a straight line. Thus, the correct answer to

the spiral tube problem is that after the ball leaves the tube it will move

in a straight line in  the d irection of its instantaneous velocity at the

moment it exits the tube (see Fig.

13.2A).

The correct answer to the ball and  string problem is similar.

As shown in Fig. 13 .2C, the ball will fly off in a straight line along the

tangent to the circle at the point where the ball was located  when the

string broke. In other words, the ball will travel in a straight line in the

d irection of its instantaneous velocity at the moment the string broke.

(The force of gravity acts in a d irection perpendicular to the horizontal

plane, and so will not affect the speed or direction of the ball's horizontal

motion.)

Somewhat surprisingly, a substantial proportion of the subjects

gave incorrect answers to the problems (Mccloskey, Caramazza & Green,

1980). For the spiral tube problem, 51% of the subjects thought that the

ball would  follow a curved  path after emerging from the tube (see Fig.

13.2B). Similarly, for the ball and  string p roblem 30% of the subjects

believed  that the ball w ould  continue in curvilinear motion after the

string broke (Fig. 13.2D). One other interesting aspect of the resu lts is

that most subjects who drew curved  paths apparently believed  that the

ball's trajectory would  gradually straighten ou t. This straightening of

trajectories can be seen in the representative responses shown in Figs.

13.2B and  13.2D.

Figure 13.3 shows another problem we have used, the airplane problem.

For this problem subjects were told  that

In the d iagram, an airplane is flying along at a constant speed.

The plane is also flying at a constant altitude, so that its flight

path is parallel to the ground . The arrow shows the d irection

in which the plane is flying. When the plane is in the position

shown in the d iagram a large metal ball is d ropped  from the

p lane. The p lane continues flying at the same speed  in the

same direction and at the same altitude. Draw the path the ball

will follow from the time it is dropped until it hits the ground.
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the position of the plane at the moment the ball hits the ground.
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noting that the total velocity of the ball m ay be d ecom p osed  in to
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velocity of zero. After the ball is released, it undergoes a constant vertical
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In other words, the ball continues to move horizontally at a speed  equal

to that of the plane. (The force of gravity acts in a direction perpendicular

to that of the ball's horizontal motion, and consequently does not influence

the ball's horizontal velocity. Further, no other forces are acting on the

ball. Thus, accord ing to the p rincip le of inertia, the ball's horizontal

velocity will remain constant.) The combination of the constant horizontal

velocity and  the continually increasing vertical velocity p rod uces a

parabolic arc. Finally, because the horizontal velocity of the ball is always

the same as that of the p lane, the p lane will remain d irectly above the
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When we presented  the airplane problem to 48 subjects, we obtained  a
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40% parabolic (A, correct), not all of them with the
correct plane position, 13% straight line (B), 11%
backwards (C), 36% straight down (D).

Comment. Es muss diskutiert werden, ob es
sich zumindest im Flugzeug-Problem um ein Referenz-Frame-Problem
handelt, also eine ganz andere Geschichte ...
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Everyday life provides people with countless opportunities for observing

and interacting with objects in motion. For example, watching a baseball

game, driving a car and even dropping a pencil involve encounters with

moving objects. Thus, everyone presumably has some sort of knowledge

about motion. However, it is by no means clear what form or forms this

knowledge may take. Everyday experience may lead only to the acquisition

of concrete facts about the behavior of specific objects in specific situations

(e.g., when a moving billiard  ball strikes a stationary ball head  on, the

moving ball often stops). Alternatively, experience may resu lt in  the

ind uction of d escrip tive generalizations that summarize a variety of

observations (e.g., moving objects eventually slow  d ow n and  stop ).

Finally, experience might even lead  to the development of implicit theo-

ries of motion that provide explanations for, as well as descrip tions of,

the behavior of moving objects (e.g., changes in the speed  or d irection

of an object's motion are caused  by external forces).

In this chap ter w e d escribe research aimed  at d etermining

what sorts of knowledge are in fact acquired  through experience with

moving objects. We first present some basic find ings from experiments

in which subjects solved  simple problems concerning objects in motion.

We then show that these and  other find ings imply that people develop

on the basis of their everyday experience remarkably well-articu lated

naive theories of motion. Further, we argue that the assumptions of the

naive theories are quite consistent across individuals. In fact, the theories

developed by d ifferent individuals are best described  as d ifferent forms

of the same basic theory. Although this basic theory appears to be a

reasonable outcome of experience with real-world  motion, it is strikingly

inconsistent with the fundamental principles of classical physics. In fact,

the naive theory is remarkably similar to a pre-Newtonian physical theory

popular in the 14th through 16th centuries.

In addition to considering the nature of the knowledge acquired

through experience with moving objects, we briefly d iscuss the ways in

which the experience-based knowledge interacts with knowledge acquired

throu gh  classroom  instru ction  in  p hysics. Finally, w e d iscu ss the

relationship  of our work to other research concerning knowledge and

reasoning about physics, and mention several important issues for future

research.

MISCONCEPTIONS ABOUT MOTION

We first attempted to probe people's knowledge about motion in a series

of experiments employing simple, nonquantitative problems concerning

the behavior of moving objects. Subjects were undergraduate students

at the Johns Hopkins University. In each experiment three groups of

subjects were employed: (1) students who had never taken a high school

or college physics course; (2) students who had  taken high school bu t

not college physics; and  (3) students who had  completed  at least one

college physics course.

In one experiment we asked 48 subjects to solve thirteen simple

problems. Each problem consisted  of a d iagram, with instructions that

exp lained  the d iagram  and  asked  the subject to m ake a qualitative

prediction about the motion of an object. Two of the problems are shown

in  Fig. 13.1. For p roblem  A the su bjects w ere given  the follow ing

instructions:

The diagram shows a thin curved metal tube. In the diagram you

are looking down on the tube. In other words, the tube is lying

flat. A metal ball is put into the end  of the tube ind icated  by the

arrow and  is shot out of the other end  of the tube at high speed .

Fig. 13.1.  Diagrams for the spiral tube problem (A) and  the ball and  string problem (B).

Fig. 13.2. Correct response and  most common incorrect responses for the sp iral tube problem
an d  th e ba ll an d  st r in g  p rob lem . Th e cor rect  resp on ses ap p ea r  in  (A) an d  (C).
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Comment. Es muss hier die Rolle der täglichen
Erfahrung diskutiert werden: leider wurde der
gleiche Test nicht mit einem Gartenschlauch
und Wasser gemacht. Als ich den Test nachgestellt
habe, haben die Leute auf ‘Ball’ so reagiert
wie bei McC&K, haben einem Wasserstrahl jedoch
unterstellt, geradeaus zu spritzen. Nochmal
andererseit ist ein Wasserstrahl aber auch kein
bewegtes Objet sondern bewegte ‘matter’ ...
Rätsel über Rätsel ...

The Ball String Problem.

13 Naive Theories of Motion

Michael McCloskey

The Johns Hopkins University

Everyday life provides people with countless opportunities for observing

and interacting with objects in motion. For example, watching a baseball

game, driving a car and even dropping a pencil involve encounters with

moving objects. Thus, everyone presumably has some sort of knowledge

about motion. However, it is by no means clear what form or forms this

knowledge may take. Everyday experience may lead only to the acquisition

of concrete facts about the behavior of specific objects in specific situations

(e.g., when a moving billiard  ball strikes a stationary ball head  on, the

moving ball often stops). Alternatively, experience may resu lt in  the

ind uction of d escrip tive generalizations that summarize a variety of

observations (e.g., moving objects eventually slow  d ow n and  stop ).

Finally, experience might even lead  to the development of implicit theo-

ries of motion that provide explanations for, as well as descrip tions of,

the behavior of moving objects (e.g., changes in the speed  or d irection

of an object's motion are caused  by external forces).

In this chap ter w e d escribe research aimed  at d etermining

what sorts of knowledge are in fact acquired  through experience with

moving objects. We first present some basic find ings from experiments

in which subjects solved  simple problems concerning objects in motion.

We then show that these and  other find ings imply that people develop

on the basis of their everyday experience remarkably well-articu lated

naive theories of motion. Further, we argue that the assumptions of the

naive theories are quite consistent across individuals. In fact, the theories

developed by d ifferent individuals are best described  as d ifferent forms

of the same basic theory. Although this basic theory appears to be a

reasonable outcome of experience with real-world  motion, it is strikingly

inconsistent with the fundamental principles of classical physics. In fact,

the naive theory is remarkably similar to a pre-Newtonian physical theory

popular in the 14th through 16th centuries.

In addition to considering the nature of the knowledge acquired

through experience with moving objects, we briefly d iscuss the ways in

which the experience-based knowledge interacts with knowledge acquired

throu gh  classroom  instru ction  in  p hysics. Finally, w e d iscu ss the

relationship  of our work to other research concerning knowledge and

reasoning about physics, and mention several important issues for future

research.

MISCONCEPTIONS ABOUT MOTION

We first attempted to probe people's knowledge about motion in a series

of experiments employing simple, nonquantitative problems concerning

the behavior of moving objects. Subjects were undergraduate students

at the Johns Hopkins University. In each experiment three groups of

subjects were employed: (1) students who had never taken a high school

or college physics course; (2) students who had  taken high school bu t

not college physics; and  (3) students who had  completed  at least one

college physics course.

In one experiment we asked 48 subjects to solve thirteen simple

problems. Each problem consisted  of a d iagram, with instructions that

exp lained  the d iagram  and  asked  the subject to m ake a qu alitative

prediction about the motion of an object. Two of the problems are shown

in  Fig. 13.1. For p roblem  A the su bjects w ere given  the follow ing

instructions:

The diagram shows a thin curved metal tube. In the diagram you

are looking down on the tube. In other words, the tube is lying

flat. A metal ball is put into the end  of the tube ind icated  by the

arrow and  is shot out of the other end  of the tube at high speed .

Fig. 13.1.  Diagrams for the spiral tube problem (A) and  the ball and  string problem (B).

Fig. 13.2. Correct response and  most common incorrect responses for the sp iral tube problem
an d  th e ba ll an d  st r in g  p rob lem . Th e cor rect  resp on ses ap p ea r  in  (A) an d  (C).

A B

A B

C D

The subjects were then asked  to d raw  the path the ball would  follow

after it emerged  from the tube, ignoring air resistance and  any spin the

ball might have.

For problem B, the subjects were told :

Imagine that someone has a metal ball attached  to a string and

is tw irling it at h igh speed  in  a circle above his head . In  the

diagram you are looking down on the ball. The circle shows the

path followed  by the ball and  the arrows show the d irection in

which it is moving. The line from the center of the circle to the

ball is the string. Assume that when the ball is at the point shown

in the d iagram, the string breaks where it is attached  to the ball.

Draw the path the ball will follow after the string breaks. Ignore

air resistance.

Newton's first law  states that in the absence of a net applied  force, an

object in motion will travel in a straight line. Thus, the correct answer to

the spiral tube problem is that after the ball leaves the tube it will move

in a straight line in  the d irection of its instantaneous velocity at the

moment it exits the tube (see Fig.

13.2A).

The correct answer to the ball and  string problem is similar.

As shown in Fig. 13 .2C, the ball will fly off in a straight line along the

tangent to the circle at the point where the ball was located  when the

string broke. In other words, the ball will travel in a straight line in the

d irection of its instantaneous velocity at the moment the string broke.

(The force of gravity acts in a d irection perpendicular to the horizontal

plane, and so will not affect the speed or direction of the ball's horizontal

motion.)

Somewhat surprisingly, a substantial proportion of the subjects

gave incorrect answers to the problems (Mccloskey, Caramazza & Green,

1980). For the spiral tube problem, 51% of the subjects thought that the

ball would  follow a curved  path after emerging from the tube (see Fig.

13.2B). Similarly, for the ball and  string p roblem 30% of the subjects

believed  that the ball w ould  continue in curvilinear motion after the

string broke (Fig. 13.2D). One other interesting aspect of the resu lts is

that most subjects who drew curved  paths apparently believed  that the

ball's trajectory would  gradually straighten ou t. This straightening of

trajectories can be seen in the representative responses shown in Figs.

13.2B and  13.2D.

Figure 13.3 shows another problem we have used, the airplane problem.

For this problem subjects were told  that

In the d iagram, an airplane is flying along at a constant speed.

The plane is also flying at a constant altitude, so that its flight

path is parallel to the ground . The arrow shows the d irection

in which the plane is flying. When the plane is in the position

shown in the d iagram a large metal ball is d ropped  from the

p lane. The p lane continues flying at the same speed  in the

same direction and at the same altitude. Draw the path the ball

will follow from the time it is dropped until it hits the ground.

Ignore wind  or air resistance. Also, show as well as you can,

the position of the plane at the moment the ball hits the ground.

Fig. 13.3. Diagram of the airplane problem.

Fig. 13.4. Correct resp onse (A) and  incorrect resp onses (B-D) for the airp lane p roblem .

The correct answer to the problem, which is shown in Fig. 13.4A, is that

the ball w ill fall in a parabolic arc. The airp lane will be d irectly above

the ball w hen it hits the ground . This answ er may be und erstood  by

noting that the total velocity of the ball m ay be d ecom p osed  in to

independent horizontal and verticalcomponents. Before the ball is dropped,

it has a horizontal velocity equal to that of the p lane, and  a vertical

velocity of zero. After the ball is released, it undergoes a constant vertical

acceleration due to gravity, and  thus acqu ires a constantly increasing

vertical velocity. The ball's horizontal velocity, however, does not change.

In other words, the ball continues to move horizontally at a speed  equal

to that of the plane. (The force of gravity acts in a direction perpendicular

to that of the ball's horizontal motion, and consequently does not influence

the ball's horizontal velocity. Further, no other forces are acting on the

ball. Thus, accord ing to the p rincip le of inertia, the ball's horizontal

velocity will remain constant.) The combination of the constant horizontal

velocity and  the continually increasing vertical velocity p rod uces a

parabolic arc. Finally, because the horizontal velocity of the ball is always

the same as that of the p lane, the p lane will remain d irectly above the

ball until the ball hits the ground.

When we presented  the airplane problem to 48 subjects, we obtained  a

variety of responses (Green, McCIoskey& Caramazza,1 980). Nineteen

subjects, or 40%, d rew forward  arcs that looked  more or less parabolic

(see Fig. 13.4A). Fifteen of these 19 subjects indicated that the plane would

be d irectly over the ball when the ball hit the ground . However, four

subjects indicated that at the moment the ball hit the ground, the airplane

would  be well ahead  of it horizontally.

Thirteen percent of the subjects thought that the ball w ou ld  fall in  a

straight d iagonal line (Fig. 13.4B), whereas another 11% ind icated  that

C is the correct answer; but 30% draw sth like D.
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• The semantic contrast and classification patterns 
observed with movement verbs like climb and 
others betray the conceptualisation in terms of 
impetus.

Impetus

• The meaning contrast between climb and rise:

— rise denotes upward directionality of a 
movement in various configurations
— climb is confined to objects that can be bearers 
of impetus, i.e. independent objects that are 
moving around freely.



climb vs. rise

"The window 
is two meters 
high."

Height 
as extension

Height as position 
(distance 
from ground)

"rise" as change 
of extension:
"The hairs on his 
neck were rising"

"rise" as change 
of position:
"The submarine was 
rising"

Analogously:

* climb
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• The semantic contrast and classification patterns 
observed with movement verbs like climb and 
others betray the conceptualisation in terms of 
impetus.

Impetus

— Climb is applicable to self-generated, but also to 
ballistic movement, i.e. objects that have been 
thrown or shot off.

— Climb is a member of a class of verbs that need 
not be agentive, but block the formation of direct 
(lexical) causatives.

The arrow climbed into the sky

* I climbed an arrow into the sky
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2. Verbs of manner of movement 
• ROLL-class

bounce, drift, drop, float, glide, move, roll, slide, 
swing;  [AROUND AXIS]  coil, revolve, rotate, spin, 
turn, twirl...

• RUN-class 
bounce, clamber, climb, crawl, dash, float, fly, 
gallop, hurry, jump, limp, meander, roam, roll, run, 
swim, whiz, zigzag ...

Manner: Classification Problems

The projectile climbed to a hight of 100 feet.
Shots zigzagged through both sides of the door.
A stone flew through the window.

Hence: No verb in the RUN class may form a direct 
causative, only ROLL verbs may.
However, RUN verbs appear in situations with external 
causation:
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Impetus

— Climb is a member of a class of verbs that block 
the formation of direct (lexical) causatives, even if 
they are not agentive or "internally caused".

A stone flew through the window.

A lorry flew a stone up.
* A lorry flew a stone.

In brief, fly only yields indirect causatives, the type 
which also occurs with RUN verbs. These causatives
a) ...can be formed regularly only in construction with 
PP  (Levin & Rappaport 1995)
b) ...are possible in English but not in German.

Ein Stein flog durchs 
Fenster.
* Ein Laster flog einen 
Stein (auf)

Consider the case of fly  (Geuder & Weisgerber 2006):



Manner: Classification Problems

2. Verbs of manner of movement 
• ROLL-class

bounce, drift, drop, float, glide, move, roll, slide, 
swing;  [AROUND AXIS]  coil, revolve, rotate, spin, 
turn, twirl...

• RUN-class 
bounce, clamber, climb, crawl, dash, float, fly, 
gallop, hurry, jump, limp, meander, roam, roll, run, 
swim, whiz, zigzag ...

? ?



Manner: Classification Problems

2. Verbs of manner of movement 
• ROLL-class

bounce, drift, drop, float, glide, move, roll, slide, 
swing;  [AROUND AXIS]  coil, revolve, rotate, spin, 
turn, twirl...

• RUN-class 
bounce, clamber, climb, crawl, dash, float, fly, 
gallop, hurry, jump, limp, meander, roam, roll, run, 
swim, whiz, zigzag ...

? ?

• Hypothesis: The grouping in Levin's verb 
classification reflects impetus (not agentivity or 
±external causation).



Manner: Classification Problems

2. Verbs of manner of movement 
• ROLL-class

bounce, drift, drop, float, glide, move, roll, slide, 
swing;  [AROUND AXIS]  coil, revolve, rotate, spin, 
turn, twirl...

• RUN-class 
bounce, clamber, climb, crawl, dash, float, fly, 
gallop, hurry, jump, limp, meander, roam, roll, run, 
swim, whiz, zigzag ...

? ?

• Hypothesis: The grouping in Levin's verb 
classification reflects impetus (not agentivity or 
±external causation).
RUN verbs denote movements with impetus.
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• Another case in point: verbs of rotation 
E. rotate, G. rotieren, sich drehen.
Habel (1999) observes that only the internal 
movement interpretation of sich drehen allows a 
direct causative:

The earth rotates (around its own axis).
The earth rotates around the sun.

He rotated the picture.
* They rotated the space probe around Jupiter.



Impetus

• Another case in point: verbs of rotation 
E. rotate, G. rotieren, sich drehen.
Habel (1999) observes that only the internal 
movement interpretation of sich drehen allows a 
direct causative:

Hypothesis: Change of direction is perceived as an 
indication of impetus.

The earth rotates (around its own axis).
The earth rotates around the sun.

He rotated the picture.
* They rotated the space probe around Jupiter.
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Summary

1. Climb is a verb of manner of movement that specifies 
force configurations on a path.

2. The manner component "upward force exertion (against 
the ground)" implies a direction, but the overall trajectory 
of the movement is independent of this.
Hence this manner of movement may occur on downward 
paths as well.

3. There is a second variant with continuous exertion of 
upward force and without ground contact. This is probably 
an instance of polysemy, but shares the same conceptual 
core.
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Summary

4. The relevant notion of force is "impetus".

5. The notion of impetus is what distinguishes climb from 
pure directional verbs.

6. The notion of impetus is what explains the semantic 
classification of movement verbs, rather than agentivity or 
internal/external causation.

Thank you!
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