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Abstract Several tendencies found in explicit judgments
about object motion have been interpreted as evidence that
people possess a naive theory of impetus. The theory states
that objects that are caused to move by other objects acquire
force that determines the kind of motion exhibited by the
object, and that this force gradually dissipates over time. I
argue that the findings can better be understood as manifes-
tations of a general understanding of externally caused
motion based on experiences of acting on objects. Experi-
ences of acting on objects yield the idea that properties of
the cause of motion are transmitted to the effect object. This
idea functions as a heuristic for explicit predictions of object
motion under conditions of uncertainty. This accounts not
only for the findings taken as evidence for the impetus
theory, but also for several findings that fall outside the
scope of the impetus theory. It has also been claimed that
judgments about the location at which a moving object
disappeared are influenced by the impetus theory. I argue
that these judgments are better explained in a different way,
as best-guess extrapolations made by the visual system as a
practical guide to interactions with the object, such as
interception.
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High-order cognition

Everyone has abundant experience of moving objects, either
from observing objects in motion, such as balls propelled by
other actors, billiard ball collisions, or objects falling under
gravity, or from acting on objects ourselves, such as kicking or

pushing objects to make them move. Despite this range and
depth of experience, explicit judgments about object motion
often deviate strikingly from objectively correct, Newtonian
analyses of motion: Objects are predicted to roll over a flat
surface in curved paths when the objective path is straight, to
fall straight down when dropped from a moving carrier when
the objective path would be parabolic, and to move through
the air horizontally when launched horizontally instead of
falling in a parabolic path under gravity (McCloskey, 1983;
McCloskey, Caramazza, & Green, 1980; McCloskey,
Washburn, & Felch, 1983; Whitaker, 1983).

How to explain why these explicit judgments deviate so
much from the ways in which moving objects actually
behave? It has been claimed that the inaccurate tendencies
in judgments fit a pattern: specifically, that they are consis-
tent with a theory of motion called the impetus theory. In
this article, I propose a different interpretation for the results
in question. The new interpretation draws on two related
antecedents: the proposal that understanding of forces and
causality originates in our own experiences of acting on
objects (White, 2009a, 2012) and the proposal that salient
properties of causes are often judged to be transmitted to
their outcomes, which is here called the property transmis-
sion heuristic (White, 2009b). I shall first summarize the
impetus theory. Then I shall present brief summaries of the
actions-on-objects theory and the property transmission
heuristic. Then I shall review the experimental literature
on explicit judgments about object motion, showing how
actions on objects and the property transmission heuristic
account for the inaccurate judgments found there. The im-
petus theory has also been called on to explain certain
tendencies in judgments about the location at which a mov-
ing object disappeared (Hubbard, 2005; Kozhevnikov &
Hegarty, 2001); I shall also review that literature, showing
that the findings can be explained in terms of the actions-on-
objects theory.
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The impetus theory

There is considerable evidence for a tendency among people
to believe that objects whose motion is externally caused
acquire some kind of force from that cause, a force that
perpetuates their motion. Participants in studies of judgments
about object motion have been asked to provide verbal justi-
fications for their judgments, and frequently they refer to
impetus or acquired force possessed by a moving object
(McCloskey et al., 1980). Students asked to draw on diagrams
the forces acting in various situations tend to draw a force in
the direction of the object’s motion (Clement, 1982); this was
found for a pendulum—where participants drew a force on the
bob in the direction of its motion—for an object sliding down
a track, for an object in orbit, and for a tossed coin on its way
up. Cooke and Breedin (1994) found evidence for acquired-
force beliefs in almost all participants in a questionnaire study.
Ioannides and Vosniadou (2002) found evidence for four core
interpretations of “force” in explicit judgments by children.
One of these was acquired force, which was described as an
acquired property of inanimate objects that explains their
motion. Several other studies have reported similar findings
(Osborne & Freyberg, 1985; Piaget, 1974; Viennot, 1979).
Whether there exists a single, coherent theory of acquired
force or just a set of loosely consistent, locally applied ideas
can be questioned (Cooke& Breedin, 1994; diSessa, Gillespie
& Esterly, 2004; Ranney, 1994), but the basic notion that
objects that have been made to move acquire a force that
perpetuates their motion is certainly widespread.

The impetus theory is a proposal about the kind of force
that objects are believed to acquire from the causes of their
motion, and what that implies for explicit judgments about
object motion. The impetus theory has several features
(Kozhevnikov & Hegarty, 2001). Impetus is understood as
a force internal to a moving object that maintains its motion.
An object is believed to acquire impetus by being acted on
by another object: Objects that are merely dropped do not
have impetus. Impetus is believed to dissipate gradually, so
that the object slows and eventually stops. If the object is in
the air, gravity tends to take over when impetus has dissi-
pated beyond a certain point. There are different kinds of
impetus, depending on the cause of the object’s motion, and
these determine the object’s motion characteristics. Several
authors have noted a resemblance between these features
and the features of medieval impetus theories proposed by
thinkers such as Buridan (Dijksterhuis, 1961; Kaiser,
McCloskey, & Proffitt, 1986b; Kozhevnikov & Hegarty,
2001; McCloskey, 1983). Although described by some
authors as a theory, impetus can be regarded as a heuristic
that usefully generates judgments quickly under conditions
of uncertainty (Kozhevnikov & Hegarty, 2001). Kozhevnikov
and Hegarty also argued that the impetus heuristic has its
origins in everyday experience, where objects that have been

made to move do generally slow down and eventually stop,
due to frictional forces.

As an example of evidence interpreted as supporting the
impetus theory, consider the following problem: “A rifle is
mounted so that its barrel is horizontal and is pointed
straight at a monkey in a tree. The rifle is fired at the
monkey and at the same time that the bullet leaves the end
of the barrel, the monkey drops from the tree toward the
ground” (Whitaker, 1983, pp. 356–357). Participants in this
questionnaire study were asked whether the bullet would
pass over the monkey’s head, hit the monkey, or pass below
the monkey. The correct answer is that the bullet will hit the
monkey because, when the bullet leaves the barrel of the
gun and the monkey drops from the tree, the only force
acting on them is gravity, and they both fall at the same rate.
In Whitaker’s study, 61 % of respondents gave the correct
answer (though not necessarily the correct explanation), but
30 % judged that the bullet would pass over the monkey’s
head. The respondents were enrolled in a college-level
physics course, and 40 % of them had additionally taken a
high-school physics course.

According to the impetus theory interpretation, the gun,
which is horizontal, imparts horizontal impetus to the bullet.
As a result, the bullet initially moves horizontally. The
horizontal impetus gradually dissipates until eventually a
point is reached where gravity takes over and it begins to
fall. Gravity operates on the monkey as soon as it drops
from the tree (as well as before, of course). Thus, the bullet
is judged to pass over the monkey because it does not start
to fall until its horizontal impetus has partly or entirely
dissipated, whereas the monkey is falling right from the
start of its motion.

The term “impetus” implies a particular conceptualization
of the force that is involved, as described above. Because of
this, I shall use the less theoretically loaded term “acquired
force” (except where quoting or paraphrasing other authors).
“Acquired force” is a term frequently used by participants in
studies of judgments about forces and motions (e.g., Ioannides
& Vosniadou, 2002; McCloskey et al., 1980) but, unlike the
term “impetus,” it has not so far been widely adopted by
authors in this area of research. Thus, I accept that objects that
have been made to move are (often) believed to have acquired
force, but I reject the claims that that acquired force is impetus,
and that the impetus theory describes how that force is
acquired.1

1 Although intended as theory-neutral terminology, it is possible that
the term “acquired force” could be interpreted as reflecting a correct
(Newtonian) understanding. However, what moving objects have is not
acquired force but acquired momentum, which is a function of the
mass of the object and its velocity. This becomes force when the object
interacts with something.
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The property transmission heuristic and the actions-on-objects
hypothesis

Most of the findings that bear on the impetus theory can be
explained in terms of an inferential device called the property
transmission heuristic (White, 2009b). The property transmis-
sion heuristic, in turn, needs to be understood as a conse-
quence of the origin of causal understanding in actions on
objects, a theoretical approach that is also relevant to a full
understanding of beliefs about object motion (White, 2012). I
therefore start with a brief summary of the actions-on-objects
approach and then discuss the property transmission heuristic.

Actions on objects

What follows is a nontechnical sketch of the account in
White (2012). That article presents a general account of
the perception and understanding of object motion and its
causes, whether internal or external. Here this theory is
applied to a literature that is concerned purely with judg-
ments about object motion that is externally caused by
pushes, kicks, and similar exertions of force. The central
proposition of the present account is that the understanding
of what happens when one object exerts such kinds of force
on another originates in experiences of generating motion in
objects by acting on them—for example, by kicking or
pushing them. An action on an object, such as a kick that
sets it in motion, is an interaction in which forces operate:
The actor exerts force on the object, and the object exerts
force on the actor. Actors have sensory information about
the forces involved in such interactions. The sensory infor-
mation comes through the haptic system, which includes the
kinesthetic sense, mediated by receptors in the joints, and
touch, mediated by skin pressure receptors. Actions also
tend to be accompanied by internal representations of the
planned action and of its anticipated consequences, and
these internal representations also include information about
forces. A comparison between the internal representation of
the planned action and the sensory feedback of the outcome
completes a kind of feedback loop, making it possible to
detect whether or not the action has produced the planned
outcome.

Experiences of that kind are stored in long-term memory
as episodic traces (hereafter called “stored representations”),
subject to forgetting, and these can then function as a re-
source for further processing needs. If we observe one
object interacting with another, visual input alone does not
yield information about forces. However, impressions of
forces in visually perceived interactions do occur. The typ-
ical stimuli in the studies that have shown this are simple
collision events in which a moving object contacts a sta-
tionary one, and the stationary one then moves off (White,

2007, 2009a). White (2012) argued that these visual impres-
sions of forces are derived from experiences of acting on
objects. In simple terms, kinematic information in the visual
stimuli is matched to kinematic information in the stored
representations, and the information about forces in the
matched representations then forms part of the perceptual
interpretation of the visual stimulus. In simple terms, the
forces that we experience in acting on objects are projected
onto visually perceived interactions with similar kinematic
features. White (2012) extended this account to cover visual
perception of all forms of object motion; in the present
context, the relevant concept is object motion that is per-
ceived or believed to have been externally caused (e.g., by
contact from another object).

Experiences of actions on objects support simple quanti-
tative propositions about the relation between force and
outcome, such as the following. The amount of outcome
(in terms of displacement or velocity of the object acted on)
tends to increase as the amount of force exerted on the
object increases, and the amount of outcome tends to de-
crease as the amount of resistance put up by the object acted
on increases. Heavy objects tend to offer more resistance to
being moved than light objects do, so experiences of acting
on objects tell us that, for a given amount of force exerted in
the action, a light object will move farther or faster than a
heavy object. As experiences of acting on objects form the
basis of understanding the interactions between objects in
general, these quantitative propositions generalize to judg-
ments made about interactions between objects (see also
diSessa, 1982, 1983, 1988, 1993).

In essence, then, the argument made by White (2012) is
that explicit judgments about externally caused object motion
tend to be informed by matching to stored representations of
actions on objects that supply information about the forces
involved. I use the phrase “tend to be” because explicit judg-
ments are generated by controlled processes that can call on
other acquired knowledge. Information derived from experi-
ences of acting on objects can be overridden by information
acquired from education about Newtonian mechanics, for
example. But the inaccurate judgmental tendencies that have
been interpreted as evidence for an impetus theory can instead
be viewed as products of an understanding of interactions
based on experiences of acting on objects. To see more spe-
cifically how this works, I now turn to the ingredient of that
explanatory framework that is most relevant in the present
context: the property transmission heuristic.

The property transmission heuristic

Properties of effects often do resemble causally relevant
properties of their causes, for the simple reason that the
cause imposes those properties on the effect object. This is
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property transmission. White (2009b) listed many exam-
ples: Among others, pressing a spoon into a pile of mashed
potato causes a spoon-shaped indentation in the potato. A
finger applied to a smooth surface creates a fingerprint
pattern that resembles that on the finger. The color of a
mark made on paper is determined by the color of ink in
the marker. And ice makes things with which it comes into
contact cold.

Not all causal relations involve property transmission.
For example, the properties of an illness do not physically
resemble the properties of the virus that causes it. However,
property transmission is a common experience in everyday
causality, particularly in the case of actions on objects, as I
shall show in the next subsection. White (2009b) therefore
argued that property transmission becomes abstracted as a
heuristic that is used under conditions of uncertainty. When
we do not know what caused something, or we want to
predict what effect something will have, the property trans-
mission heuristic can be used to generate a judgment. As
with other heuristics, the property transmission heuristic
leads to accurate judgments under many circumstances.
For example, if we want to discover which among our
neighbor’s cats was the father of a recently arrived litter of
kittens, resemblance is a reasonable guide to causation. But,
because it is used under conditions of uncertainty, the heu-
ristic functions as a pervasive bias in causal reasoning,
leading to predictable errors in causal judgment.

I would argue that actions on objects are the ultimate
source of the idea of property transmission, since human
actions on objects tend to exhibit property transmission.
Consider the example of administering a kick to an object
that sets it in motion. Other things being equal, the faster
that the foot is moving at contact, the faster the object moves
after contact. Also, the direction of motion of the object after
contact tends to be similar to the direction of motion of the
foot prior to contact.2 The similarity is not a mere accidental
resemblance, but is actually produced by the action. On the
hypothesis that experiences of actions on objects are the
origin of our understanding of interactions between objects
in general, this implies that actions on objects supply a
general understanding of interactions as involving property
transmission.

This is particularly important in relation to forces. Once
we have kicked an object and set it in motion, so that it is no
longer in contact with us, what do we infer about forces in
relation to that object? We experience the force exerted on
the object in our action, and the effect that it has on the
object, but we do not experience the dynamic properties

possessed by the object when it has moved off and is no
longer in contact with us. This is a state of uncertainty, so
the property transmission heuristic can be used to generate a
judgment. We know that property transmission holds for
kinematic properties such as the speed and direction of
motion, and the property transmission heuristic generates
the judgment that the same holds for dynamic properties. In
other words, the property transmission heuristic generates
the judgment that the object acquires the force that we have
exerted on it. The property transmission heuristic therefore
predicts that objects that are made to move acquire a force
that is related to the force that was administered to make the
object move.

There may be further evidence that the object has ac-
quired force by being kicked. If the object subsequently
comes into contact with another object, it may set that
second object into motion. That interaction is visually per-
ceived, and the visual information about the kinematics of
the interaction is matched to kinematic features of stored
representations of actions on objects. Those representations
include information about forces, and that information
forms part of the perceptual interpretation of the interaction:
As was argued above, the first object is perceived as exert-
ing force on the second object, just as we experience our-
selves as exerting force on the objects on which we act. So,
we infer that the first object has force, otherwise it would
not be exerting force. We do not perceive stationary objects
as possessing force, simply because they are not doing
anything (Clement, 1987; diSessa, 1993; Gutierrez &
Ogborn, 1992; White, 2012). So the force exerted by the
first object must be acquired, and it must therefore have
been acquired by being transmitted from the cause of its
motion, the kick. This may therefore constitute experiential
support for the inference of property transmission in the case
of forces.

Many instances of resemblance between things occur for
reasons other than direct causal connection between them.
They may, for example, be independent products of the
same process. It is therefore important to distinguish instan-
ces of resemblance that mark causal relations from those
that do not. White (2009b) therefore proposed some con-
ditions that must be met for the property transmission heu-
ristic to be applied. In the present context, however, which is
specifically object motion, just one criterion suffices. That is
just that a match should be made between available kine-
matic information and stored representations of actions on
objects. If that happens, the stored representations provide
sufficient information for a judgment to be generated.

In the following sections, I shall show that the property
transmission heuristic accounts for the research findings that
have been interpreted as evidence for the impetus theory, as
well as for some findings that cannot be explained by the
impetus theory. Before that, I shall briefly discuss one

2 As the term “tends to” implies, this is not an invariable rule. Sliced
kicks can send the ball off in a different direction from that of the foot.
Property transmission is common but not invariable, and it is not a
defining feature of human action.
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example of the use of the property transmission heuristic
because it has some relevance to the account that follows.
The example is the launching effect (Michotte, 1963). In
research on this phenomenon, an animation is presented in
which a moving object (the launcher) comes into contact
with a stationary object (the target), whereupon the launcher
stops moving and the target starts moving. Figure 1 is a
schematic representation of a typical sequence of events in a
launching stimulus. Observers usually report an impression
that the launcher brought about the motion of the target by
colliding with it (Michotte, 1963; Scholl & Tremoulet,
2000; Schlottmann, Ray, Mitchell, & Demetriou, 2006).
The occurrence of this impression depends, however, on
resemblance between the properties of the motion. The
impression tends to be most reported when the speed of
the target after contact is similar to the speed of the launcher
before contact (Michotte, 1963; Natsoulas, 1961). If the
target’s speed is faster than the launcher’s, the launching
impression is replaced with an impression that the launcher
triggered but did not directly cause the target’s motion
(Michotte, 1963; Natsoulas, 1961). If the target’s speed is
significantly slower than the launcher’s, the launching impres-
sion is replaced by an impression of braking, an impression
that something impedes the target’s motion (Natsoulas, 1961).

The problem with this is that differences of speed are not
uncommon in real collisions. If the target is more massive
than the launcher, then it will tend to move much more
slowly than the launcher (Runeson, 1983). Interactions in
which the speed of the target’s motion is different from the
launcher’s are just as much causal relations as those in
which the launcher and target have similar speeds, yet the
causal impression is maximized by resemblance. This, I
have argued, represents the property transmission heuristic
in perceptual processing; it is a kind of reverse use of the

heuristic. Instead of using the heuristic to infer unobserved
motion properties, the appearance of property transmission
in the observed motion properties is used to make a percep-
tual interpretation in terms of causality: The kinematics of
the target when it begins to move resemble those of the
launcher when it contacted the target, therefore the launcher
caused the target to move. White (2010) showed that a
similar phenomenon holds for a different kind of visual
impression of causality, pulling: Two objects must be mov-
ing, to a close approximation, at the same speed and in the
same direction for one to be seen as pulling the other.

A noteworthy feature of the causal impression in the
launching effect is what Michotte (1963) called the “radius
of action.” The target’s motion is perceived as caused by the
launcher up to a point, but beyond that the motion is per-
ceived as the target’s own motion. The distance to the
boundary of the radius of action varies; for example, it tends
to increase as the launcher’s speed prior to contact increases.
The radius of action has some relevance to the property
transmission interpretation of object motion judgments, as
I shall show later. In essence, the radius of action corre-
sponds to the point where the force acquired by the object
from the launcher’s action on it has fully dissipated.

In an application to findings relevant to the impetus
theory, the following propositions are most relevant. If the
judge is in possession of a definite theory of motion, such as
Newton’s theory, then that theory may be used to generate
judgments. If the judge either does not have a theory or does
not access one that is possessed, then he or she may be in a
state of uncertainty. In that state, the property transmission
heuristic is used to generate a judgment. In general, the
moving object is judged to acquire a force that is related to
the force that was applied to make it move. Where the
trajectory of the object is uncertain, it will also be predicted

Fig. 1 Schematic
representation of a launching
effect stimulus. Panel a shows
the first frame of the stimulus,
with the target (the white disc)
stationary in the centre of the
frame and the launcher (the
black disc) entering from the
left. Panel b shows the launcher
approaching the target one.
Panel c shows the frame in
which the launcher contacts the
target, and in panel d, the target
is in motion toward the right
edge of the frame and the
launcher is stationary at the
point of contact
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to acquire salient properties of the motion of the causal
object or system. Thus, the property transmission hypothesis
predicts judgments about both the dynamic and kinematic
properties of objects whose motion is judged to have been
caused by another object acting on them: The object is
judged to acquire force that is proportional to the force
exerted on it by the causal object, and where the motion
properties of the object are not known, it is also judged to
acquire salient kinematic properties of the causal object.

Interpretation of explicit judgments about object motion
in terms of actions on objects and the property
transmission heuristic

In this section, I review each of the findings that have
previously been interpreted as support for the impetus the-
ory and show how the actions-on-objects approach and the
property transmission heuristic account for them. I shall also
show that the present account can be applied to some judg-
mental phenomena that fall outside the scope of the impetus
theory.

The pendulum problem

Caramazza, McCloskey, and Green (1981) presented dia-
grams of a pendulum showing the bob and string at various
points in the swing: These are shown in Fig. 2. Participants
were asked to draw a line representing the path the bob
would take if the string was cut at that point in the swing.
Objectively, whenever the bob is in motion, after being cut it
should follow a parabolic path that begins in the direction of
its prior motion (i.e., perpendicular to the string) and curves
downward as the bob is accelerated by gravity. If the string
is cut at the apex of the swing, as in Problem A of Fig. 2, the
bob is stationary at that point and should therefore fall
straight down. These correct answers (identified as Type 1)
were produced by 25 % of the participants. The responses of
the other 75 % of the participants were assigned to five
classes of incorrect answers (Types 2–6).

The impetus theory was invoked to explain one of these
types of incorrect answers, Type 6 (11 % of participants).
Here, participants judged that the bob would continue along
its original arc for a while, as if it were still attached to the
string, and then fall straight down. Caramazza, McCloskey
& Green (1981) suggested that that type of error indicated a
belief that the motion of the pendulum imparts an impetus to
the bob that causes it to continue on its original path. As the
impetus dissipates, so there comes a point where gravity is
stronger than the object’s impetus, and it falls straight down.

This error can also be explained by the property trans-
mission hypothesis. In this explanation, the causal system is
seen as acting on the bob with force; the force of the causal
system is believed to be transmitted to the bob. The salient
feature of the kinematics of the causal system is the curvi-
linear trajectory, and the curvilinear trajectory is imparted to
the bob as a case of property transmission. The property
transmission heuristic would therefore predict a tendency to
judge that the curvilinear trajectory would be perpetuated
beyond the point where the string is cut. The hypothesis that
the bob is judged to acquire the force of the causal system
was supported by Clement (1982), who asked people to
draw forces on diagrams; with a pendulum, people tended
to draw a force acting on the bob and making it “go up the
other side” (p. 67).

As we have seen, in the launching effect, as the target’s
motion proceeds, so there comes a point where it is no
longer seen as caused by the launcher but is instead seen
as the target’s own motion. In effect, the causal force of the
launcher weakens as the target moves away from the launch-
er. The transition point is the radius of action. This same
notion can be seen as applied to the motion of the bob.
Beyond a certain point, the bob goes beyond the radius of
action. At that point, it is judged to have lost its acquired
force, and the concomitant curvilinear motion. The only
force judged to be acting on it is gravity, so it is predicted
to move straight down.

The property transmission heuristic can also explain two
of the other classes of errors identified by Caramazza et al.
(1981), even though they did not mention acquired force in

Problem A Problem B Problem C Problem D

Fig. 2 Pendulum problems from Caramazza et al. (1981). Each problem shows a different location where participants are told to imagine that the string
is cut. Arrows indicate directions of motion of the pendulum, and dotted lines indicate the path of the bob and the extremes of the trajectory
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their discussion of them. For Type 5 (11 % of participants),
the judgment was that the bob would fall in a straight line
that perpetuated the line of the pendulum string at the point
where the cut was made. For example, in Fig. 2, Problem C,
where the string is vertical at the point where it is cut, the
bob would be predicted to fall straight down, continuing the
line of the string. In this case it appears that the line of the
string is the feature of the causal system that was salient for
participants, and they judged that the bob would continue it
by property transmission. In Type 4, 7 % of participants
judged that the bob would fall straight down no matter
where in the swing the string was cut. This can be inter-
preted as reflecting a belief that no force is acquired by the
bob on the grounds that the causal system is not exerting
force on it. If the bob acquires no force, then the only force
acting on it is gravity, so it falls straight down. This inter-
pretation will be explained in more detail in the section on
the straight-down belief below.

A further 32 % of participants appeared to have the
correct idea of a parabolic trajectory but incorrect beliefs
about the state of motion of the bob when the string is cut.
They thought, for example, that the bob would be moving at
the apex of the swing, when in fact it would be stationary
(Proffitt & Gilden, 1989). The property transmission heuris-
tic does not explain those judgments, nor the correct judg-
ments. If people have specific acquired beliefs, such as
correct Newtonian beliefs, then they will not be in a state
of uncertainty, and the property transmission heuristic will
not be used.

In essence, then, the property transmission heuristic
applies when people do not have, or do not apply, acquired
knowledge (correct, incorrect, or incomplete) about the sys-
tem in question. To explain motion, the force of the causal
object or system is judged to be transmitted to the effect
object along with whatever kinematic properties of the
causal system are salient to the judge. If the causal
system is not judged or believed to be exerting force
on the effect object, then the heuristic will not be used,
and the effect object will not be judged to acquire the
force of the causal object.

Curved-tube problems

McCloskey, Caramazza, and Green (1980) set three problems
in which diagrams were presented of, respectively, a C-shaped
tube, a spiral tube, and two C-shaped tubes positioned in
mirror symmetry with their mouths adjacent to each other.
The diagrams are shown in Fig. 3. Participants were told that
the tubes were lying on a flat surface and that a ball inserted
into one end of the tube is shot out of the other end at high
speed. They were asked to draw the path that the ball would
take on exiting the tube. A majority of the participants drew
correct, straight Newtonian trajectories. Others, however,

drew curved trajectories that continued, to some degree, the
curve of the tube. The proportions doing so were 33 % for the
C-tube, 51 % for the spiral tube, and 30 % for the double C-
tube. Interviews revealed that.

[m]ost of the subjects who drew curved pathways
believed that an object moving through a curved tube.
. . acquires a “force” or “momentum” that causes it to
continue in curvilinear motion for some time after it
emerges from the tube. However, the force or momen-
tum eventually dissipates, and the object’s trajectory
gradually becomes straight. (p. 1140)

McCloskey and Kohl (1983) presented a flat surface with
a curved path marked on it and asked participants to push a
puck so that it stayed within the confines of the path. It was
possible to do this with a straight-line trajectory because the
path was quite wide, but 25 % of participants made a curved
push, apparently expecting that the puck would continue in
a curved path after being released, and were surprised when
it moved in a straight line.

The explanation for belief in curvilinear trajectories in
these situations is similar to that for the Type 6 error on the
pendulum problem (Caramazza et al., 1981). An initial force
is applied to set the ball in motion, and it is at first con-
strained to move in a curved path because of the tube. Under
conditions of uncertainty, the property transmission heuris-
tic comes into play. The curved shape of the tube is the
salient feature of the causal system, because it determines
the path taken while the ball is within the tube, so the curve
is judged to be transmitted to the projectile as a kinematic
feature. As before, the acquired force and the curvilinear
trajectory gradually dissipate. In the latter case, this results
in a progressive straightening of the trajectory, that was
noted by McCloskey et al. (1980) as a common feature of
the drawn trajectories.

The property transmission heuristic will not be used
when features of the problem elicit knowledge of familiar
systems. This can account for findings that the likelihood of
drawing curved paths is reduced when the problem is set up

Fig. 3 Curved-tube problems from McCloskey et al. (1980). Arrows
indicate the points at which participants are informed that a ball is
inserted into a tube

Psychon Bull Rev (2012) 19:1007–1028 1013



as a hose with water in it (Kaiser, Jonides, & Alexander,
1986a), when the word “hose” is used in the instructions
(Catrambone, Jones, Jonides, & Seifert, 1995), and when
alterations to the tube or its context serve to activate differ-
ent stored knowledge (Cooke & Breedin, 1994). The likeli-
hood of drawing curved paths was also found to be lower in
a group of six-year-old children (Kaiser, McCloskey, &
Proffitt, 1986b); these children tended to say that balls roll
straight, and appeared confused by the suggestion of a
curved path. These children were in possession of a theory
of object motion, that balls roll in straight lines, so they were
not in a state of uncertainty and would not resort to the
property transmission heuristic.

The twirling-ball problem

McCloskey et al. (1980) showed participants a diagram of a
person twirling a ball on a string in a horizontal path, with a
viewpoint looking down from above. This is shown in
Fig. 4. The diagram identified a point at which the string
broke, and participants drew the trajectory that they thought
the ball would then take. A majority of the participants,
53 %, drew the correct straight line, but 30 % drew curvi-
linear trajectories that perpetuated, to some degree, the
curve of the circle in which the ball was moving prior to
the break. Interviews again revealed that most of the latter
group thought that the ball acquired a force that caused it to
continue in curvilinear motion, and that the acquired force
would gradually dissipate, eventually resulting in motion in
a straight line. McCloskey & Kohl (1983) found for this
problem as well as for the spiral-tube problem that anima-
tion did not significantly improve responses.3

The property transmission heuristic explains the incorrect
curvilinear trajectory extrapolations here. The person twirl-
ing the ball is applying force to the ball and constraining it to
move in a circle. The kinematic properties of the causal
system are transmitted to the ball while the string is intact.
This curvilinear motion is the salient feature of the causal
system and, under conditions of uncertainty, it is judged to
be transmitted to the ball, not only when the ball is attached
to the actor by the string, but also after the string is broken.
As in the curved tube problems, the curvilinear motion
gradually dissipates as the motion of the ball continues.

Strictly speaking, there is no need to postulate a judgment
that the projectile acquires force from the causal system,

either here or in the curved-tube problems. Salient features
of the kinematics suffice to generate a trajectory extrapola-
tion using the property transmission heuristic. However, the
fact that the projectile’s motion was initiated by an
external application of force means that, again by the
property transmission heuristic, it will be judged to have
acquired force. This is evident in the verbal reports of
participants, which frequently refer to the acquired force
of the projectile (McCloskey et al., 1980). The acquired
force and the curvilinear kinematics go together, but only
because the property transmission heuristic predicts both
of them.

The straight-down belief

McCloskey et al. (1983) reported that, in described physical
systems in which an object is being carried by another
object moving horizontally (hereafter, the carrier) and is
then released, a substantial proportion of participants judged
that the released object would fall straight down. Most of the
remainder gave the correct answer that the object would
follow a parabolic trajectory because of its forward momen-
tum combined with the gradual increase in vertical speed
due to gravity. In Fig. 5, panel A illustrates one of the
problems. The system was described as a conveyor belt with
a metal rod attached to it, with a ball “held on the end of the
rod by an electromagnet” (McCloskey et al., 1983, p.637).
The rod and ball were carried by the conveyor at 50 mph,
and the ball was released in the position shown in the figure.
For this problem, 23 % of the participants drew a trajectory
that went straight down, 65 % drew an approximation to the
correct, parabolic trajectory, and 13 % drew a trajectory in
which the ball moved backward as it fell. Panel B of Fig. 5
illustrates a problem in which a ball was pushed along a
“level ramp” (p. 638) at the same speed, 50 mph. For this
problem, 94 % drew a trajectory in which the ball went
forward as it fell and only 6 % drew a trajectory straight

3 Animation seems to improve performance on object motion problems
under some circumstances but not others. The issue was discussed by
Kaiser et al. (1992), but their account does not explain why animation
did not lead to improved performance in the studies by Hecht &
Bertamini (2000) and McCloskey & Kohl (1983). Further investigation
would appear to be warranted.

Problem 4

Fig. 4 Twirling-ball problem from McCloskey et al. (1980). The
straight line indicates a string held at one end by a person who is
twirling it above the head. A metal ball moves in a circular path
indicated by the circle, with the direction of motion indicated by
arrows
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down. The proportions of straight-down responses were
higher in some other problems in which a projectile was
dropped from a moving carrier. In their Experiment 1,
McCloskey et al. (1983) used dynamic stimuli with a walk-
ing man actually carrying and dropping a ball and a ball
launched along a horizontal run. The proportions of straight-
down responses were 51 % for the walker problem and 9 %
for the ramp problem. The straight-down belief is therefore
specific to the case in which the projectile is passively
carried and released by the carrier, and does not generalize
to cases in which the projectile is pushed horizontally, as in
a kicking or launching interaction. Further evidence for the
belief has been reported (Krist, 2000; Whitaker, 1983). This
includes a study in which participants being rolled in wheel-
chairs attempted to drop a tennis ball to hit a target on the
ground (Krist, 2000).

The explanation for these results under the impetus the-
ory is that objects are believed to acquire impetus only from
direct pushes, kicks, or similar application of force; merely
being carried and then released does not impart impetus to
the object. If the object has no impetus, the only force
judged to be acting on it is gravity, and it is therefore judged
to fall straight down.

The present account resembles the impetus account
inasmuch as the causal system is not judged to be
exerting any force on the object when it merely releases
the object, so the object does not acquire any force from
the causal system. Similarly, because no force is exerted
on the object by the causal system, the primary condition
for applicability of the property transmission heuristic is
not met, and therefore the motion properties of the causal
system are not judged to be transmitted to the object. If
the object acquires neither force nor kinematic properties
from the causal system, then the only force believed to
be acting on it is gravity, and it is therefore judged to
fall straight down.

The hunter-and-monkey problem

This is the problem described at the beginning of the article.
Whitaker (1983) included another version of this prob-
lem, in which a bullet is fired horizontally from a gun at
the same moment at which a heavy ball at the same
height as the gun is dropped. Both objects are acted on
by gravity and by no other forces, so, ignoring the
curvature of the Earth and unevenness in the terrain, they
reach the ground at the same time. A total of 38 % of
the participants (who were or had been physics students)
said that the dropped ball would reach the ground before
the bullet. Verbal justifications for this and for the
hunter-and-monkey problem indicated a belief that the
bullet would travel horizontally for a certain distance
before beginning to fall.

These answers can be explained by the property trans-
mission heuristic. The firing of the gun exerts force on the
bullet. Because the gun is horizontal, the bullet acquires not
only the force of the gun’s firing but also the salient feature
of the gun’s orientation. This means that the bullet is judged
to be moving horizontally while it has the acquired force of
the firing: There is a resemblance between the path of the
bullet and the salient feature of the gun’s orientation. This
acquired force gradually dissipates, and as the bullet slows
the radius of action is reached, and the bullet starts to fall.
By contrast, the ball is merely dropped, which as we saw in
the previous section is not interpreted as the exertion of
force on the ball. Because of the belief that the ball starts
to fall sooner than the bullet does, the ball is judged to reach
the ground first.

Throwing an object straight up

Clement (1982) asked participants to draw the forces acting
on a coin that had been tossed up. 88 % got this wrong, and
90 % of the errors showed an upward force, referred to as
the “force of the throw” (and other similar terms). People
said that this force must be stronger than gravity at first,

A

B

Fig. 5 Conveyor (panel a) and level ramp (panel b) problems from
McCloskey et al. (1983). In the conveyor problem, the horizontal line
represents a conveyor belt. The vertical line depending from the
conveyor belt represents a metal rod, with a metal ball attached to the
end by an electromagnet. Participants are told that the conveyor is
moving at 50 mph and that the ball is released at the point shown in the
diagram. In the level ramp problem, the horizontal line represents a
level ramp and a metal ball is shown on the level ramp. Participants are
told that the ball is pushed so that it is moving at 50 mph when it
reaches the end of the level ramp
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otherwise the coin would not go up. Kozhevnikov and
Hegarty (2001, Exp. 2) ran a questionnaire study about
objects thrown upward, with multiple-choice answers. With
air resistance explicitly present, 93.5 % of the participants
endorsed an incorrect prediction that a lighter object would
reach a given height before a heavier object when both were
described as thrown with the same velocity. With air resis-
tance explicitly out of consideration, the proportion claim-
ing that the lighter object would get there first was reduced
to 61.3 %.

Kozhevnikov and Hegarty (2001) claimed that the impetus
theory predicts that the heavy object will lose impetus more
quickly than the light object, on the grounds that gravity is
believed to pull heavy objects down more quickly than light
objects. However, this would depend on whether people be-
lieve that gravity acts on ascending objects at all. As we saw in
discussion of the hunter-and-monkey problem, some people
believe that gravity only begins to affect an object when its
impetus has diminished to zero or very little (Whitaker, 1983).
Furthermore, the proportion of participants endorsing the
impetus response was unusually high—93.5 % in the air
resistance condition. In most studies, the proportion of impe-
tus responses has been in the range of 30 %–50 %, as reported
in the foregoing review. This suggests that there may be a
different explanation for this result.

The property transmission heuristic does not apply to this
kind of judgment, since the heuristic concerns motion proper-
ties being imparted to an object by another object, not how
those motion properties change after the causal relation has
occurred. However, the actions-on-objects perspective still
provides a means of interpreting the results. Consider the
results of two studies by Rohrer (2002, 2003) on the motion
of objects down inclines with undulating contours. Figure 6
shows the diagram of the undulating courses used by Rohrer
(2002). Participants were asked to suppose that two marbles
were released, one on course A and one on course B, and they
had to judge whichmarble would bemoving faster at the point
where the courses are connected by the vertical line.

Objectively (and assuming no variation in friction), the
speed of an object at any point on an incline is predicted by
just one variable, the net vertical drop from the start of the

object’s motion to the point in question (Rohrer, 2002).
At the indicated point, course A is on an upward slope,
whereas course B is on a downward slope. However, the
net vertical drop at that point is greater on course A than
on course B, as can be seen from the fact that course A
is running below course B at that point. This means that
the marble on course A will be moving faster than the
marble on course B. More than half of the participants
judged, however, that marble B would be moving faster
than marble A. This reflects a judgment that the speed of
the object at a given point depended on the slope of the
incline at that point. Participants neglected the history of
the object’s motion (Rohrer, 2002). Rohrer termed this
the “slope-speed belief.”

Anticipating the actions-on-objects theory, Rohrer (2002)
argued that the slope-speed judgment is derived from con-
siderations of objectively irrelevant dynamic features of the
situation. When we try to push an object uphill, the resis-
tance of the object being pushed is proportional to the slope.
For the same reason, it is harder to climb a steep hill than a
shallow one. Rohrer therefore argued for what he called the
“resistance-speed fallacy”: If slope predicts resistance and
resistance predicts speed, then slope predicts speed. In other
words, people judge the speed of the object from a consid-
eration of how difficult it would be to stop the object or push
it up the slope at that point. This exemplifies the main
argument made here: Explicit judgments about object mo-
tion are based on experiences of acting on objects, which
yield information about forces.

Rohrer extended this argument about the relation be-
tween resistance, slope, and speed to a consideration of
mass. I shall first summarize the results of some studies on
judgments about the motion of objects that have different
masses. Champagne, Klopfer, and Anderson (1980)
reported that “about four students in five believed that, all
other things being equal, heavier objects fall faster than
lighter ones” (p. 1076). Kozhevnikov and Hegarty (2001)
found that the rate of endorsement of this belief depended
on air resistance, and dropped to 23.7 % when air resistance
was explicitly excluded. (This explicit reference to air resis-
tance could have helped to remind people of the Newtonian
theory that they might otherwise have neglected, but this
possibility has not been tested yet.) Whitaker (1983) asked
students who had been educated in physics about two balls
weighing 5 lb and 50 lb, both dropped at the same time.
22 % judged that the heavier ball would reach the ground
first, while none thought that the lighter ball would. Proffitt,
Kaiser, and Whelan (1990) asked people to judge what
would affect the speed of a wheel rolling down an inclined
plane, and they found a tendency to judge that a heavier
object would roll down faster than a lighter one.

These erroneous judgments about objects moving under
gravity are not predicted by the impetus theory, because

B

A

Fig. 6 Speed problem from Rohrer (2002). Curved lines represent two
inclines, with two marbles released at the point shown by the circle.
One marble takes path A, and the other takes path B. Participants are
asked to judge which marble, if either, is rolling faster at the points
connected by the vertical dotted line
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falling objects are not believed to have impetus.4 Rohrer
(2002) argued that these are also cases in which speed is
judged from dynamical considerations. The more massive
object offers more resistance than the lighter one: It is harder
to stop it if it is in motion, and harder to push it up an
incline. Therefore, a fallacy similar to the resistance-speed
fallacy applies: If mass predicts resistance, and resistance
predicts speed, then mass predicts speed. Rohrer (2002)
found support for the resistance argument by priming par-
ticipants with a question about resistance before they did the
speed judgment task, and he found a greater tendency for the
slope-speed belief to occur, by comparison with a control
group.

This provides a possible explanation for the results found
by Kozhevnikov and Hegarty (2001). Participants were
again reasoning about the difficulty of moving an object
up, though in this case the task was throwing the object
rather than pushing it. It is harder to throw a heavier object
up at a given velocity than it is to throw a lighter object up at
the same velocity. The deceleration of the object is predicted
by the amount of force required to throw it. If mass predicts
resistance and resistance predicts speed, then mass predicts
speed. The heavier object is judged to decelerate more than
the lighter one, and therefore to take longer to reach a given
height, because the judgment is based on the haptic experience
that it is harder to throw the heavier object up at a given speed
than it is to throw the lighter one. All of these findings—those
of Rohrer (2002) for undulating slopes, those of Champagne
et al. (1980) for falling bodies, those of Proffitt et al. (1990) for
inclined planes, and those of Kozhevnikov and Hegarty
(2001) for upward throws—are explained by the same princi-
ple, that judgment is based on haptic experience of moving
objects of different masses. Judgments about kinematics are
based on dynamical considerations that are ultimately derived
from experiences of acting on objects.

Projectile acceleration

If the impetus theory and the property transmission heuristic
(and the actions-on-objects approach in general) are

competing accounts of judgments about moving objects, it
is important to find phenomena that can be explained by one
and not by the other. The research to be discussed under this
heading is an example, because these findings cannot be
explained by impetus theory but can be explained by the
property transmission heuristic.

Hecht & Bertamini (2000) presented a diagram showing
the trajectory of a ball thrown from one person to another on
level ground, similar to that shown in Fig. 7. Participants
were asked to mark the point in the trajectory where the
maximum speed of the ball would occur. Objectively that
point comes immediately after the release of the ball from
the hand. At that point, only gravity and air resistance are
acting on the ball. Because the ball has an upward compo-
nent to its motion, gravity tends to slow the ball down.
When the apex is reached, the ball starts to accelerate under
gravity, but its speed on reaching the target is not as great as
its speed on leaving the hand because of the effects of air
resistance. However, the mean position chosen by partici-
pants was just before the apex was reached, not far from the
slowest point of the trajectory. Given five verbal descrip-
tions of changes in the ball’s velocity along its trajectory,
only 32 % of participants selected the correct description,
and 44 % judged that the ball would accelerate after leaving
the hand. Two-dimensional animation did not improve judg-
ment: Animations in which the ball accelerated after leaving
the hand were judged to look natural. Presenting 2-D ani-
mations in perspective to represent the third dimension
resulted in some improvement: The correct velocity profile
was rated higher than the one with initial acceleration, but
the latter was still rated higher than a profile with initial
deceleration.

Hecht and Bertamini (2000) pointed out that there is
nothing in the impetus theory or in any other pre-
Newtonian theory of motion that would explain this belief.
If the throw imparts an acquired force to the projectile, in the
impetus theory that force starts to dissipate immediately.
The ball would therefore start to slow down immediately
and would never go through a phase of increase in speed
before the apex is reached. Hecht and Bertamini hypothe-
sized that participants externalize their body dynamics—
specifically, that they may have “externalized the continuous

4 Kozhevnikov and Hegarty (2001) identified the judgment that the
heavier object will fall faster than the lighter one as an impetus
judgment. This cannot be the case, however, because, as they them-
selves say (p. 441), “we consider naive beliefs to reflect impetus
principles if they are based on the assumption that motion is main-
tained by a force internal to an object.” That assumption does not hold
for falling objects; indeed, participants who judge that an object
dropped from a moving carrier will fall straight down tend to explain
this judgment by saying that the dropped object has no impetus
(McCloskey et al., 1983). Only objects whose motion is externally
generated by pushes and pulls are judged to have acquired force, as
Kozhevnikov and Hegarty also say (2001, p.441), so objects that fall or
are dropped are not judged to have any acquired force.

Fig. 7 Throwing problem from Hecht and Bertamini (2000). Partic-
ipants are told that the person on the left throws a ball to the person on
the right. The continuous curved line and the straight dotted line
represent two trajectories of the ball
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acceleration of the arm between the recoil movement and the
release point of the projectile and projected this continuous
acceleration onto the trajectory of the ball after exiting the
hand” (p. 744). However, it is far from clear why this should
happen, and in fact the hypothesis does not explain the judg-
mental phenomenon at all, but merely redescribes it.

Belief that the ball continues to accelerate after being
released from the hand can be explained under the actions-
on-objects account as an instance of the property transmis-
sion heuristic. The thrower, more specifically the thrower’s
hand, acts on the ball and accelerates in the throwing move-
ment. In this case, the arm’s acceleration is a salient feature
of its motion, so the ball is judged to acquire not merely
force but also the acceleration of the hand by property
transmission.

This belief about projectile motion, and the explanation
for it, may have some relevance to the topic of the previous
section, throwing objects upward. The belief implies that
people may judge that a ball thrown upward also continues
to accelerate after leaving the hand. If that is the case, then
the rate of acceleration should be negatively correlated with
the mass of the projectile. The reasoning is essentially the
same as the resistance-speed fallacy: A heavier object offers
more resistance to the force applied to it than a lighter object
does, so its judged acceleration after leaving the hand should
be less. Therefore, it will take longer to reach a given height.
Judgments of speed and changes in speed have not been
investigated in this context, but much could be learned by
doing so.

Discussion of findings on explicit judgment

The actions-on-objects account explains the judgmental ten-
dencies and the belief in acquired force by assimilating them
to a general account of the understanding of object motion
and its causes. Our understanding of forces in interactions
between objects is based on our experience of exerting force
and producing outcomes when we act on objects. This
directly predicts some judgmental phenomena, such as the
erroneous speed judgments reported by Rohrer (2002) and
erroneous beliefs about the behavior of objects of different
masses when they are thrown straight up (Kozhevnikov and
Hegarty, 2001), that cannot be explained by the impetus
theory. The actions-on-objects account provides the ground-
ing for the property transmission heuristic, and this heuristic
accounts for the remaining findings: Salient features of the
forces exerted by the causal object, and the kinematics of the
causal object, under conditions of uncertainty are judged to
be transmitted to the effect object. This accounts for numer-
ous findings of judged curvilinear trajectories, such as in the
C-tube problem (McCloskey et al., 1980), for some
responses on the pendulum problem and the twirling-ball

problem, and for problems such as the hunter-and-monkey
problem, where gravity is not judged to affect an object’s
motion until its acquired force has diminished beyond a
certain point (Whitaker, 1983). It also accounts for some
findings that cannot be explained by the impetus theory,
including the judged acceleration of a projectile after it has
been thrown (Hecht & Bertamini, 2000).

Explaining explicit judgments about object motion in
terms of a theory of impetus is unsatisfactory because the
existence of the impetus theory itself is unexplained.
Kozhevnikov and Hegarty (2001) argued that the impetus
theory is derived from everyday experience, where moving
objects do tend to slow down because of friction and air
resistance. This argument fails for several reasons. First,
everyday experience does not account for extrapolation of
curvilinear trajectories in the C-tube and spiral problems
(McCloskey et al., 1980), because projectiles do not in fact
move in curvilinear paths on flat surfaces. Second, experi-
ence yields information about kinematics, and that is enough
for predictive purposes. There is no need to abstract a theory
at all if kinematic regularities suffice for practical needs.
Third, if we are going to abstract a dynamic theory of
motion, why not abstract the correct one, that objects slow
down because of friction and air resistance? We all have
everyday experience of both friction and air resistance, so
there is no obvious bar to the development of a friction + air
resistance theory. Hubbard (2004) argued that the impetus
theory involves fewer parameters and therefore functions
well as a heuristic with a reasonable level of accuracy.
Simplicity is certainly an advantage, but that does not ex-
plain why a theory postulating an unobserved property of
moving objects would be abstracted from experience of
friction and air resistance, which are properties not of the
object but of the medium or other objects with which the
moving object is interacting. Fourth, the everyday-experience
hypothesis was disconfirmed by an experiment by Krist
(2000) in which participants dropped a ball to hit a target
while being rolled in a wheelchair. In one condition, the ball
was a tennis ball, and in another the ball was made of cotton
wool, which would tend to fall straight down because its
horizontal motion would be quickly arrested by air resistance.
However, participants in both conditions were equally likely
to report the straight-down belief, which led them to try to
drop the ball when directly over the target. Everyday
experience should tell us that tennis balls and cotton
balls behave differently when dropped from a moving
carrier, but apparently, for children at least, it does not.
These considerations are not sufficient to disconfirm the
impetus theory—it may be that not enough is yet un-
derstood about the origins of notions of impetus—but it
leaves the impetus account at a disadvantage.

The approach taken here has the advantage that it assim-
ilates evidence of judgments about object motion to a
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general account of the understanding of how motion is
externally caused. The actions-on-objects account and the
property transmission heuristic have been used to explain
numerous findings in several domains of judgment (White,
2009b, 2012), and the set of findings reviewed here,
concerning acquired force and extrapolated trajectories,
can be understood as belonging to the general family of
phenomena explained by the actions-on-objects account and
the property transmission heuristic.

The falsification problem and predictions generated
by the actions-on-objects account

One apparent disadvantage of the present approach is one
that is likely to be shared by any attempt to explain explicit
judgments about object motion. The judgments that have
been taken as evidence for the impetus theory are not made
by everyone, and indeed in most cases were made by only
30 %–50 % of the sample of participants. Most of the
remaining participants got the correct answers. The present
approach, like the impetus theory, does not explain the large
proportion of correct answers obtained in most studies.

Explicit judgments are open to influence from acquired
knowledge, such as education in Newtonian physics. In the
present account, the property transmission heuristic is used
only under conditions of uncertainty. Thus, if a theory of
object motion has been acquired and is accessed in the
judgment situation, there is no uncertainty, and the property
transmission heuristic will not be used. Of course, the ac-
quired knowledge on which judgment may be based does
not have to be the correct physical theory. Young children
appear to operate with a different kind of general theory, that
objects move in straight lines. Children from the ages of 6–
8 years showed less of a tendency to extrapolate curvilinear
trajectories in the spiral and C-tube problems than did chil-
dren 10 years of age (Kaiser, McCloskey, & Proffitt, 1986b)
because they did not appear to comprehend the idea of a
curvilinear trajectory. If straight-line motion is their theory,
then they are not in a state of uncertainty, and will not employ
the property transmission heuristic. Thus, in the present ac-
count, the property transmission heuristic, and the actions-on-
objects theory in general, explains most erroneous judgments
as being made under conditions of uncertainty, and the pro-
position that uncertainty does not arise when the judge acti-
vates an acquired theory of motion explains both the correct
answers (or most of them; Whitaker, 1983; Yates et al., 1988)
and some of the incorrect answers (Kaiser, McCloskey, &
Proffitt, 1986b). (A second alternative means of generating
judgments will be discussed in the section on mental
simulation.)

The problem with this use of the property transmission
heuristic is that it is close to being cherry-picking. The
property transmission hypothesis is used to explain

judgments that conform to its predictions; judgments that
don’t conform to its predictions do not falsify the account,
but are instead interpreted as showing that other acquired
knowledge can also be used to generate judgments. The
problem is endemic to this topic: No single explanation
can account for all of the results, partly because the ob-
served judgments vary so much, both between and within
individuals (Cooke & Breedin, 1994), and partly because of
the likelihood that the knowledge that individuals possess is
not coherent or integrated across the domain (diSessa,
1993). Despite this, it is still important to stipulate how the
property transmission hypothesis can be falsified. There are
two answers to this: Conditions for falsification were met in
the experiments reviewed above, and the account generates
novel predictions that can be tested.

In some of the studies discussed, participants drew tra-
jectories. An example is the study of curved-tube problems
by McCloskey et al. (1980). In this case, a straight-line
trajectory that continued the direction that the object would
have at the exit of the tube could be interpreted as support-
ing the hypothesis of use of the correct acquired theory. A
trajectory that curved, at least initially, in the same direction
as the curve in the tube could be interpreted as supporting
the hypothesis of use of the property transmission heuristic.
This leaves at least two kinds of trajectories that would
falsify the property transmission heuristic + acquired theory
account. One would be a straight line in any direction other
than the one that the object would have at the exit of the
tube, and the other would be a trajectory that curved in the
opposite direction from that of the curve of the tube. (I am
ignoring more bizarre possibilities, such as trajectories with
reversals of direction.) These extrapolations could have
occurred but did not. Similar observations can be made
about other studies in which trajectories were extrapolated
by participants (e.g., McCloskey et al., 1983).

In other studies, participants were presented with three or
more possible answers and chose one. For example, in a
study of the twirling-ball problem by McCloskey and Kohl
(1983, Exp. 1), six possible trajectories for the ball were
presented. One of these was the correct answer, the choice
of which would be interpreted as supporting the hypothesis
of use of an acquired theory. Two of the trajectories curved
in the same direction as the rotation of the system before the
string was cut, and choice of these would be interpreted as
supporting the hypothesis of use of the property transmis-
sion heuristic. Two other trajectories were straight lines in
the wrong direction, and a third was a trajectory that curved
outwards, in the direction opposite the direction of rotation
of the system before the string was severed. A tendency to
choose these last three options would count against the
property transmission heuristic + acquired theory account.
Only 9 % of the 90 participants selected any of these last
three. Of the remainder, 67 % selected the correct
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response, and 24 % selected one of the responses that
support the property transmission heuristic hypothesis.
The hypothesis could have been falsified in this experi-
ment, but it was not; only a small minority of responses
are not explained by it.

The present account generates numerous predictions for
judgments of object motion. I have already shown that the
present account predicts judgmental phenomena that fall
outside the scope of the impetus theory. These include
predictions for the behavior of objects rolling down inclined
planes (Proffitt et al., 1990) and the tendency to judge that a
thrown object will continue to accelerate after being re-
leased from the hand (Hecht & Bertamini, 2000). Other
phenomena captured by the present account have been
reviewed by White (2012). There are two other main kinds
of predictions: predictions for judged speed, and predictions
of property transmission in systems that have not yet been
investigated.

Most of the reviewed studies have investigated the direc-
tion of judged trajectories and have not considered speed,
except for the general prediction that an object’s speed
should be judged to decrease as the acquired force dissi-
pates. I have already argued that, when an object is caused to
move through the air (e.g., projected upward, as in the coin
toss problem, or horizontally, as in the hunter-and-monkey
problem) but is not just dropped, as in experiments on the
straight-down belief, the present account predicts a more
rapid decrease in speed for more massive objects, on the
grounds that a given amount of force in an action on an
object produces less outcome for a more massive object. At
a certain point, the radius of action is reached, and either the
object stops moving or other external forces—such as grav-
ity—take over. This point should be farther along the path of
motion for lighter objects. The novel prediction here is that
it should also be farther along the path of motion for faster
objects. When comparing, for example, a bullet fired hori-
zontally with a slower object, such as a stone thrown hori-
zontally by hand, one should find that for those participants
who extrapolate horizontal trajectories for these objects, the
horizontal trajectory will be longer for the faster than for the
slower object: The faster object would have greater acquired
force than the slower object, and the radius of action would
be correspondingly greater. Likewise, for those who extrap-
olate curved trajectories in the curved-tube problem, the
curve should continue for longer for a faster than for a
slower object. The converse prediction also applies: Partic-
ipants who are shown a diagram of a long curvilinear
trajectory should infer greater speed than those who are
shown a shorter trajectory. For those who, in the pendulum
problem, extrapolate a continuation of the bob’s trajectory
after the string is cut, this continuation should be judged to
continue longer for faster speeds of the pendulum. It should
be possible to generate many predictions for specific kinds

of physical systems from the general principles of the
actions-on-objects account, such as the principles that more
force means more outcome and more resistance means less
outcome.

The property transmission heuristic predicts that, under
conditions of uncertainty, any salient kinematic feature of
the cause of the object’s motion should be judged to be
transmitted to the object, at least until the acquired force
dissipates and the radius of action is reached. It is just a
matter of knowing what feature is salient for the judge.
When an object is thrown upward, it should be judged to
acquire the force of the throw and, as in the case of the
thrown objects studied by Hecht and Bertamini (2000), it
should also be judged to acquire the salient property of the
causal system, namely the acceleration of the arm in the act
of throwing. Thus, people should judge that objects initially
accelerate when thrown straight up. Furthermore, under the
reasoning about resistance and speed, lighter objects should
be judged to accelerate more, or to continue accelerating for
longer, than heavier objects (ignoring the effects of air
resistance). If a moving carrier imparts a force to the carried
object before or at the moment of release, then the force, and
the salient kinematics associated with that force, should be
judged to be transmitted to the object. If the force is a
forward push, the straight-down judgment should not occur
and the object should be judged to move forward before
falling. If the force is a push backward, the opposite tenden-
cy should be found. An interesting question concerns what
should be judged to occur if an object is projected upward
by a moving carrier. This may depend on whether the force
of the upward projection is more salient than the prior
motion of the carrier. If it is, the force should be judged to
send the object straight up. The interest in this would be that
the straight-up judgment would be a consequence of a belief
about the force acquired by the object, whereas the straight-
down judgment would be a consequence of a belief that
force is not acquired by the object, because it is merely
dropped. There would be a similar interest in judgments
about an object that is thrown down from a moving carrier.
The present account would predict a higher proportion of
straight-down responses for a problem of this sort, because
the causally relevant force is a throw straight down, and the
horizontal motion of the carrier should be neglected because
it is not part of the action on the object. It is odd that more
studies of this sort have not been carried out: There is much
still to learn.

Consistency and inconsistency

Cooke and Breedin (1994) wrote, “Naive theories of motion
have been described as systematic, general, coherent, well-
developed, and well-articulated conceptions of motion that
conflict with the principles of Newtonianmechanics” (p. 474),
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and they cited McCloskey (1983). In fact, there is little evi-
dence of consistency in judgment (Kaiser, Proffitt, Whelan, &
Hecht, 1992; Yates et al., 1988). Cooke and Breedin argued,
and found, that explicit judgment can be significantly affected
by objectively irrelevant features of the content and context of
the problems set for judgment, which they interpreted as
indicating no coherent or consistent set of principles for judg-
ment. Their participants provided verbal explanations of their
judgments, and Cooke and Breedin reported almost no evi-
dence of consistent theories. Impetus explanations were as
likely to be provided for correct Newtonian responses as for
incorrect ones. In a questionnaire study, they found evidence
for impetus (or acquired force) beliefs in almost all partici-
pants, but the beliefs were not applied consistently within
participants.

I shall consider a possible explanation for this inconsis-
tency in the next section, on mental simulation. However,
low consistency is compatible with the use of a heuristic
under conditions of uncertainty. The property transmission
heuristic is used when the participant is in a state of uncer-
tainty, and that state is liable to vary from one problem to
another, depending on factors such as the extent to which
the problem reminds a person of the correct theory (and see
the next section). Thus, low consistency results from the fact
that the heuristic is used on some occasions but not on
others. The specific use of the heuristic is also likely to
depend on what features of the problem are salient for the
participant. The salience of features is likely to vary with
apparently minor changes in problem presentation and con-
text, such as the orientation of the C-tube or the spiral in
curved-motion problems (Cooke & Breedin, 1994), and this
may have implications for the way in which trajectory
extrapolations are generated with the property transmission
heuristic. A heuristic is used not as a general principle but as
a way of dealing with uncertainty: This means that it is used
when uncertainty occurs and when the heuristic can be
applied.5 Uncertainty is not likely to be distributed among
problems in a consistent or principled way, so inconsistency
is not unlikely to emerge from heuristic use.

Low consistency in judgments about object motion relates
to the proposal put forward by diSessa (1993) that physical
knowledge is not coherent and systematic but comprises a
large number of locally applied independent principles. In
reference to diSessa (1988), Cooke & Breedin (1994) wrote,
“people tend to explain only that which is problematic or
puzzling, rather than extract fundamental principles to explain
every situation” (p. 483). Similar propositions have been
advanced in the causal-attribution literature (Hilton &

Slugoski, 1986; Weiner, 1985; and see Hart & Honoré,
1959, for a discussion of the same principle in judgments of
causality in the law). That which is problematic or puzzling
engenders or implies uncertainty, which is the condition under
which a heuristic will be used, if one can be fitted to the
problem in question. In experiments, people explain what they
are asked to explain, but in real life, people usually attempt to
explain only what is uncertain, which may be why judgmental
heuristics are often the tool of choice.

Mental simulation

It has been argued that mental simulation is commonly used
to generate inferences that go beyond the available informa-
tion (Barsalou, 2008). A simulation can be regarded as the
generation of a sequence of events that represents not just
the kinematics of the events, but also, where available,
dynamic information. Simulations are generated from stored
representations of events that are activated by matching to
features of the input stimuli (Barsalou, 2008; White, 2012).
Simulation may occur in perceptual processing, in extrap-
olations from perceptual information, and in cognition,
where it helps to generate judgments about physical systems
(e.g., Schwartz, 1999). Research such as that by Schwartz
has shown that forces are represented in simulations (to the
extent that they are featured in the stored representations on
which the simulations are based), and that they are an
important determinant of explicit judgments (White, 2012).

Evidence indicates that simulation is involved in making
judgments about object motion. Yates et al. (1988) used the
spiral problem and the twirling-ball problem (which they
termed the “sling” problem) and asked participants what
they were thinking during the task. They found that 79 %
of the participants spontaneously reported internal visual-
izations, which Yates et al. interpreted as conscious experi-
ences of simulations, and 94 % reported visualizations in
response to a direct question. Contrary to McCloskey et al.
(McCloskey et al., 1980), Yates et al. found little consisten-
cy between responses to the two problems, and they argued
that this was evidence against the use of general principles
or theories to solve them. When the experimenters induced
changes in the simulation they elicited different judgments,
showing that judgments depended on the particular features
of the simulation enacted.

The results of the study by Catrambone et al. (1995) can
also be interpreted as support for simulations. The use of the
word “hose” is sufficient to activate stored representations
of experiences of using a hose, which can then function as a
simulation that generates an answer to the problem. If fea-
tures of the problem or instructions operate in this way, then
the judge is no longer in a state of uncertainty, because the
simulation generates an answer. In the absence of the word
“hose,” the mere diagram of a ball in a tube may fail to

5 Of course, a heuristic can function as a general principle if uncertain-
ty is general across the class of problems to which the heuristic can be
applied, but it is not a general principle per se.
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activate any useful stored representations. Participants lack-
ing the correct theory are then in a state of uncertainty, and
therefore fall back on the property transmission heuristic,
which generates the wrong answer.

The activation of stored representations that then
function as simulations is the same kind of process as
the activation of stored representations of actions on
objects that then inform judgments about forces and
causality (White, 2012). It is possible, therefore, that
the property transmission heuristic functions not so
much as a rule for generating an inference as a physical
model for generating a simulation, and that simulations
based on stored representations of actions on objects
that happen to involve property transmission are the
fundamental means by which the property transmission
heuristic generates judgments about object motion.6

Displacement (representational momentum)

In studies of representational momentum, participants are
asked to indicate the location in a visual display at which a
moving object disappeared. Most of the stimuli are of objects
in implied motion, with successively presented static frames
showing an object in different locations or orientations, or in
apparent motion across a computer screen. There is a general
tendency to remember the site of the object’s disappearance as
being displaced in the direction of the implied or apparent
motion (Freyd, 1987; Freyd & Finke, 1984; Hubbard, 2005).
Because the usual term, “representational momentum,” carries
an implication about the interpretation of the tendency, I shall
follow Hubbard (2005) in using the more neutral term “dis-
placement” to refer to the difference between the actual and
remembered locations of disappearance.

The notion of impetus has been called upon to explain some
findings in research on displacement in cases of object motion
that is perceived as externally caused (Hubbard, Blessum, &
Ruppel, 2001; Hubbard & Favretto, 2003; Hubbard & Ruppel,
2002; Kozhevnikov & Hegarty, 2001). I shall argue that this is
not correct and that the findings in question can be explained in
terms of the actions-on-objects theory, specifically involving
the activation of stored representations that best match the
available kinematic information and generate an extrapolation
of the immediate future path of the object’s motion.

Why should displacement occur at all? Why not remember
the objective location of an object’s disappearance? Displace-
ment is an indication of something more than just perceptual
processing of the stimulus information. It has been argued that
that something is preparation for an action on the object in
question, such as an interception (Hubbard, 2005, 2006;
White, 2012; Zago & Lacquaniti, 2005). Processing of visual
input takes time, and preparing and executing an interception
also takes time, so timing an interception accurately requires
an extrapolation of the object’s path beyond the most recent
perceptually processed location. Viewed from this practical
perspective, displacement represents the brain’s best guess as
to the object’s likely future motion, to a time when the object
would be intercepted if the interception movement was initi-
ated at the time of the object’s disappearance. It is likely that,
while the object is being visually tracked, there is a continu-
ously or very frequently updated extrapolation of its location
for interception purposes.

The present account draws on the matching process de-
scribed in the introduction to the actions-on-objects approach
(White, 2012). In general, input kinematic information tends
to activate stored representations of events with kinematic
features that match those of the input information. These then
function to fill in gaps in the available information. In this
case, the gap is an extrapolation of an object’s trajectory
beyond the most recent perceived location. Specifically, then,
the available trajectory information is matched to stored rep-
resentations of object motion with similar trajectories. The
stored representations are more complete, because they in-
clude the trajectory both up to and beyond the most recent
input information. The matching trajectories therefore support
an extrapolation of the perceived object’s trajectory: The
extrapolation is in effect an assumption that the object will
continue to move in the way that objects with similar trajec-
tories have moved in the past. This process generates extrap-
olations by matching to stored representations, so I shall call
this specific application of the process the “best-match” ex-
trapolation hypothesis.

It is important to note that stored representations are
matched on the basis not only of available kinematic infor-
mation, but also of information about the causes of the
object’s motion. As we shall see, different extrapolations
are made depending on whether the object’s motion is
perceived as being internally or externally caused. Apart
from that, displacement phenomena do not depend on the
representation of dynamic properties. The main point of
relevance is that the best match is informed by realistic
information about the behavior of objects, on the basis of
experience. The best-match hypothesis can account for all of
the findings from displacement studies that have been inter-
preted as supporting the impetus theory. Because of space
limitations, I shall focus on just two of the studies, Hubbard
et al. (2001) and Kozhevnikov and Hegarty (2001).

6 Is it also possible that the impetus theory might be used as a physical
model for generating a simulation? The problem with this idea is that
simulations tend to be generated from episodic traces and not from
abstract concepts, rules, or theories (Barsalou, 2008, 2009; White,
2012; Yates et al., 1988). If the content of the impetus theory were
represented in episodic traces, then the impetus theory could be in-
volved in simulations, but it is more often referred to in abstract terms,
as the widespread use of the term “impetus theory” implies. If it is
really a theory, then it supports processes of inference, not simulations.
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Hubbard et al. (2001) presented launching-effect stimuli
in which the target disappeared after moving a short distance
(30 pixels) from its starting point, and participants clicked a
mouse cursor on the location where they thought that the
target had disappeared. This was compared with various
control stimuli, including the same motion of the target with
the launcher absent, and motion of a single object covering
the same path as both objects. Less displacement (in the
direction of motion of the target) was observed for the
launching stimulus than for the control stimuli. Hubbard
et al. argued that this result supported the hypothesis that
the launcher was perceived as imparting impetus to the
target, and that the target’s impetus gradually dissipated,
resulting in an expectation of slower motion following the
vanishing point.

In the present interpretation, the reduced displacement
does indeed occur because the target is expected to deceler-
ate, but impetus or acquired force is not the explanation for
the deceleration. Instead, it is common experience that
objects whose motion was externally caused do slow down.
The actual causes of the deceleration are frictional forces,
with the air and with any surface on which the object
happens to be moving. Information about these causes of
deceleration does not need to be included in the stored
representations; the observation of deceleration is sufficient.
Deceleration is therefore the best match.7 By contrast, the
best match for objects whose motion is self-propelled and
that move in a straight line at constant speed is that they will
continue moving in the same direction at the same speed.
Although self-propelled objects also feel frictional forces,
their internal source of motion acts against these forces to
maintain a constant velocity. Thus, the control stimuli are
perceived as self-propelled, because there is no perceived
external cause of their motion, so the extrapolation of their
motion has it continuing at the same speed, whereas the
target’s externally caused motion will be expected to slow.
This accounts for the difference in displacement between the
the target in the launching stimulus and the objects in the
control stimuli. Of course, extrapolations are not guaranteed
to be accurate: Self-propelled objects can change their ve-
locity at any time, and objects whose motion is externally
caused can suddenly encounter more or less resistance. Over

the short time span of the extrapolation, however, they are
likely to be reasonable predictors for practical purposes.

In this interpretation, judgments are not mediated by a
concept of mass, or by any kind of inference about mass.
The amount of displacement that occurs is determined by
the stored interpretations that are matched to the kinematic
characteristics of the stimulus. These kinematic character-
istics vary in a way that is objectively determined by the
mass and density of the target, but it is the matched kine-
matic characteristics, not the dynamic properties that deter-
mine them, that mediate the trajectory extrapolation. This
means that responding to kinematic characteristics is corre-
lated with underlying differences in mass and density, but
there is no requirement for any abstraction, concept, infer-
ence, or idea about mass or density. The difference in the
amount of displacement results purely from matching on the
basis of kinematic characteristics.

Kozhevnikov and Hegarty (2001), ran a study in which
an upward-moving large or small square was shown moving
on a screen. Participants had to judge whether or not a
subsequent stationary test square was presented in the same
location at which the moving square disappeared. When the
test square was presented above the location of disappear-
ance, participants were more likely to say that it was in the
right location when the square was small than when it was
large. Kozhevnikov and Hegarty interpreted this finding in
terms of impetus, on the grounds that impetus theory
predicts that a heavy object will lose impetus more quickly
than a lighter object will, and its ascent will therefore slow
more rapidly than that of the lighter object. They drew a
parallel with the similar results of their questionnaire study,
described above, and this resemblance was a key component
of their contention that impetus notions influence both
explicit judgments and implicit perceptual judgments in
similar ways.

That argument cannot be sustained, however. In the
questionnaire study, it was explicitly stated that one object
was heavier than the other, and that they were the same size.
In the displacement study, nothing was said about the
masses or densities of the objects, and they were not the
same size. The argument depends on an untested assump-
tion that the larger object will be judged, perceived, or
assumed to be heavier than the smaller one (and on the
assumption that the fact that the objects were the same size
in the questionnaire study and different sizes in the displace-
ment study does not matter). That assumption is unlikely to
be correct.

There is a well-documented size–weight illusion
(Charpentier, 1891; Ellis & Lederman, 1993) in which
larger objects are incorrectly perceived as lighter than
smaller objects of the same mass. The illusion is partly,
perhaps mostly, attributable to mechanoreceptor sensa-
tion. However, Ellis and Lederman did report a visual

7 As has already been mentioned, Hubbard (2004) argued that the
impetus theory was preferable to ideas about air resistance and friction
because it has fewer parameters. To reiterate, the matching process in
the present account has just one parameter, similarity between the
observed kinematics of the stimulus and kinematics of stored repre-
sentations of object motion. These stored representations reflect object
motions that were affected by friction or air resistance, and because of
that the extrapolations that they generate will also reflect motion as
affected by friction or air resistance. They do not incorporate any ideas
at all. They are just episodic traces.

Psychon Bull Rev (2012) 19:1007–1028 1023



component to the illusion in a condition in which par-
ticipants lifted objects that were suspended by strings.
This eliminates the haptic component because the par-
ticipants never touched the objects. In that condition,
differences in estimated weight could only be attributed
to differences in the visual appearance of the objects.
That finding has been confirmed by further studies (Kawai,
Henigman, Mackenzie, Kuang, & Faust, 2007). The illusory
difference is in the opposite direction to the difference in the
assumption made by Kozhevnikov and Hegarty (2001): Larg-
er objects tend to be perceived as lighter, not heavier, than
smaller ones.

In the study by Kozhevnikov and Hegarty (2001), partic-
ipants did not lift the objects, so it is not certain that a
difference in mass would be perceived from visual informa-
tion alone. However, if it is assumed that the force applied to
generate the upward motion of the objects does not vary
between objects, then, if the objects move at the same speed,
they should tend to be matched to stored representations in
which the objects have the same mass (or weight), despite
being different sizes. In that case, the expectation would be
that the large object would slow down more quickly than the
small one because it encounters greater air resistance and is
less dense. Greater displacement is therefore predicted for
the smaller object, on the hypothesis that the observed
motion is matched to stored experiences with objects that
have similar masses but different sizes. If the larger object
were perceived as lighter than the smaller one, in line with
the size–weight illusion, this difference would be further
increased, because the larger object would be perceived as
even less dense than the smaller one. The stimulus would,
therefore, be matched to stored representations of air resis-
tance acting on even less dense objects, with correspond-
ingly greater effect.

Therefore, the same finding occurred in both the dis-
placement experiment and the questionnaire study run by
Kozhevnikov and Hegarty (2001), but for different reasons.
It is not valid to argue that a similarity in findings means that
the same interpretation holds for both, and in this case that
argument is in error. The processes that produce explicit
judgments and displacement are different.

In summary, the few findings from the displacement
literature that are relevant to the impetus issue are all
consistent with the best-match hypothesis, though in
some cases uncertainties of interpretation mean that
more research is required to clarify matters. The find-
ings from the displacement literature that are relevant to
the impetus issue do not all fit with the impetus theory
(Kozhevnikov & Hegarty, 2001), and differences in
methodology mean that studies that appear to be on
the same issue (e.g., the studies of explicit judgment
and displacement by Kozhevnikov & Hegarty, 2001) are
not directly comparable.

In the explicit-judgment literature, abundant evidence has
shown that many people, both children and adults, do be-
lieve that objects whose motion is externally caused acquire
force from the causal object. The evidence comes in the
form of the verbal justifications that have been provided in
many experiments. The knowledge revealed by those justi-
fications may be lacking in coherence and applied haphaz-
ardly in ways that are affected by objectively irrelevant
features of objects and contexts, but it is certainly there.
The same cannot be said with reference to the displacement
literature. There is no evidence that displacement is affected
by a concept of acquired force. Some superficial resemblan-
ces exist between findings from the explicit-judgment liter-
ature and the displacement literature, but there are good
reasons for thinking that the resemblances do not imply a
common interpretation. Displacement is a phenomenon that
reflects the potential practical needs of an organism that may
be planning to intercept or avoid a moving object: It is a
feature of an extrapolation process that facilitates effective
and timely interventions. These practical considerations do
not arise in the case of explicit judgments, and the processes
that generate explicit judgments are not the same as those
used to plan and execute actions. In fact, a great deal of
evidence has indicated that the two systems are to a large
degree isolated from each other (Zago & Lacquaniti, 2005).
It is likely, therefore, that the superficial resemblance is
misleading, and that the findings from explicit judgment
and from displacement research should be interpreted in
different ways.

General discussion

According to White (2009a, 2012), perception and un-
derstanding of forces in interactions between objects
originates with experiences of forces in our own actions
on objects. These experiences tend to be stored in
memory and can be activated by matching features of
visual input information to generate perceptual interpre-
tations of interactions in terms of forces. This account
generalizes to all object motion, because all object motion
is interpreted in terms of a history of the forces that gener-
ated it or continue to generate it. Thus, objects can be
perceived as moving autonomously (or at least as having
no apparent cause other than internal generation of motion),
as having been made to move by a perceived external cause,
or as falling under gravity. This account was primarily
applied to the interpretation of visual information about
object motion. However, because it results in the construc-
tion of a perceptual world in which interactions and motion
are largely interpreted in terms of actions on objects, it
provides a natural resource for higher cognition and explicit
judgment about object motion.
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Tendencies in explicit judgments about object motion
that have previously been interpreted as evidence for an
impetus theory can better be understood as a consequence
of this action-based understanding of interactions. When the
motion of an object is judged to have been externally
caused, it tends to be interpreted as if it were the outcome
of an action on an object. The most relevant feature of this
account for the impetus issue is that actions on objects are
generally believed to involve property transmission: The
properties of the causal action tend to be transmitted to the
effect object. This means, first, that the force in the action is
transmitted to the effect object, which as a result has ac-
quired force, and, second, that salient motion properties of
the causal action are also transmitted to the effect object. In
explicit judgment, the basic idea of property transmission
tends to function as a heuristic for judgment under uncer-
tainty. When an alternative means of generating a judgment
(such as application of an acquired theory of motion) is not
available, the heuristic tends to be used, and tends to gen-
erate judgments that the characteristics of the effect object
motion would resemble salient characteristics of its cause.
The main findings in the impetus literature can be inter-
preted as uses of this heuristic. The heuristic also explains
other tendencies in judgments about object motion that fall
outside the scope of the impetus theory, such as the tendency
to judge that a thrown object continues to accelerate after it
has left the hand (Hecht & Bertamini, 2000).

Certain findings in the displacement literature have also
been interpreted as evidence for a theory of impetus, and
this interpretation has been supported by observations of
resemblance between displacement phenomena and tenden-
cies in explicit judgment (Kozhevnikov & Hegarty, 2001).
Some, but not all, of the findings are consistent with an
impetus interpretation (see above), but apart from that con-
sistency there is no evidence that a theory of impetus is
involved in displacement phenomena. Instead, the evidence
is better explained by a hypothesis that displacement phe-
nomena reflect the activation of a stored representation that
is the best match to the available kinematic information and
that generates an extrapolation of the immediate future path
of an object’s motion. These best matches do reflect an
assumption about how the motion of the object was
caused: For example, externally caused motion tends
to slow due to air resistance and friction when the cause
is no longer operative, whereas internally caused motion
is more likely to continue with its observed velocity, so
less displacement occurs for objects whose motion is
perceived to have been externally caused than for
objects whose motion is not perceived to have been
externally caused (Hubbard et al., 2001). But nothing
in the way of dynamics other than an inference about
the cause of the object’s motion is required for the
extrapolation to be generated.

An additional argument supports the hypothesis that the
actions-on-objects theory can explain the impetus-like tenden-
cies in explicit judgment. An object is believed to acquire force
when its motion is caused by a shove or kick or throw, or some
interaction with similar features. Tossing a coin (Clement,
1982) would be an example. But objects are not believed to
acquire force when they are released from a moving carrier:
The straight-down judgment occurs precisely because people
do not believe that the released object acquires force from the
object from which it was released. In actions on objects,
releasing a held object is not experienced as exerting force on
the object. It is just let go. The actor may understand and
experience force in carrying the object—that is, in moving it
by carrying it—but the carrying force itself is not responsible
for the release of the object.

Objectively, this is an incorrect understanding of the
forces involved in that interaction. The released object has
the horizontal momentum resulting from the velocity with
which it was being carried, but because people have an
understanding of the release as an action that does not
transmit force to the object, they tend, incorrectly, to infer
that the released object does not acquire the force of the
carrying, and hence that it will go straight down. In terms of
the laws of mechanics, there is no difference in kind be-
tween shoving an object horizontally and carrying an object
horizontally; other things being equal, both result in the
object possessing the same amount of horizontal momen-
tum. But, in terms of actions, there is a categorical differ-
ence between an action (shoving) that involves exerting
force on an object and one (dropping) that does not.

Historical parallels

Several authors have commented that tendencies observed
in explicit judgments of object motion resemble theories to
be found in pre-Newtonian science. Tendencies in judgment
that have been interpreted as reflecting an impetus theory
have been compared to various versions of the medieval
impetus theory (Clement, 1982; Kozhevnikov & Hegarty,
2001; McCloskey, 1983; McCloskey et al., 1980). It is
tempting to argue that resemblances between tendencies in
judgment and medieval impetus theories support the con-
tention that people operate with a notion of impetus. That is
a weak argument, however. Superficial resemblances be-
tween phenomena in explicit judgment and implicit percep-
tual judgment (displacement) do not necessarily indicate
that the same explanation holds for both. The same holds
for resemblances between tendencies in judgment and ideas
in the history of science. There is an element of cherry-
picking in the resort to the history of science: Many different
theories of motion have been put forward at different times
(Dijksterhuis, 1961), and even the medieval impetus theory

Psychon Bull Rev (2012) 19:1007–1028 1025



admits of variations between different authors. Selecting
those that happen to have the closest resemblance to modern
judgmental tendencies carries little explanatory force. This
is all the more true given that different judgmental tenden-
cies have been compared to different historical theories. For
example, Champagne et al. (1980) argued that certain ten-
dencies that they found in judgments of forces in relation to
moving objects resembled Aristotelian physics. Aristotelian
physics does not resemble the impetus theory at all.

To illustrate the problem, even just within the fourteenth
century, six different theories of falling bodies can be iden-
tified (Dijksterhuis, 1961). (1) The medium in which the
body is falling, being in motion itself, draws the body down
with it. (2) The causes that initiated the motion of a falling
body also perpetuate it. (3) A massive body falls so as to be
united with the totality of the bodies of the same nature as
itself (an Aristotelian theory). (4) A body falls because it is
repulsed by the celestial spheres. (5) The body’s natural
place (i.e., the Earth) exerts an attractive force on the body.
(6) There is a kind of field, the intensity of which diminishes
with increasing distance from the ground, and which pushes
massive bodies down. It would be surprising if any of those
theories were endorsed by more than a small minority of
people today.

The value of historical parallels is therefore limited. It is a
plausible conjecture that certain ideas may be more likely
than others to occur in the history of science, or to occur
earlier in that history, because they reflect universal judg-
mental tendencies. If the actions-on-objects theory is cor-
rect, then it would follow that the tendencies in judgment to
which it gives rise would be readily available to thinkers in
the past as well as to participants in experiments in the
present. To indulge in a little cherry-picking of my own,
McCloskey (1983, p. 124) quoted Leonardo da Vinci as
saying (in translation) “Everything moveable thrown with
force through the air continues the motion of its mover.” It
would be hard to find a closer approximation to the property
transmission heuristic as a general principle of object mo-
tion. Both the historical ideas and the modern judgmental
tendencies may therefore owe much to the dependence of
judgments about object motion on an understanding derived
from experiences of actions on objects. If that were the case,
it could explain why some degree of resemblance can be
found between historical ideas and modern judgmental ten-
dencies. But that hypothesis is difficult to test, because
medieval thinkers are no longer available for consultation.
Even brief acquaintance with their writings is sufficient to
show that their ideas about the world were fundamentally
different from ours, and concepts of impetus gained much of
their meaning from their place in that very different under-
standing of the nature of things. Dijksterhuis (1961, p. 182)
wrote: “it is dangerous to interpret ideas from scholastic
philosophy too readily in the sense of classical mechanics.”

We should therefore be wary of making too much of histor-
ical comparisons. There are so many different ideas in the
history of science that almost any judgmental tendency
could have some loose parallel in that history, but loose is
all the parallel could ever be.

Conclusions

It is remarkable that we do not see motion just as the
observable kinematics: We see motion as caused. Seeing
motion as externally caused leads to different extrapolations
and perceptual interpretations than does seeing it as inter-
nally caused (White, 2012). In neither case do we see just
what is going on. We see, to some extent, what our percep-
tion of the causation of the motion tells us should be going
on. (For a fine example in the domain of perceived biolog-
ical motion, see Viviani & Stucchi, 1989.) Thus, judgments
of where a moving object disappeared differ depending on
whether the object’s motion is perceptually interpreted as
internally or externally caused (Hubbard et al., 2001). Ex-
plicit judgments about object motion are also guided by
causal theories, and by heuristics that operate within
assumptions about the causes of object motion. The various
findings in explicit judgment that have previously been
interpreted in terms of the naive impetus theory can be better
understood as manifestations of our general understanding
of object motion. The straight-down belief (McCloskey et
al., 1983), the slope-speed belief (Rohrer, 2002, 2003), and
belief in projectile acceleration (Hecht & Bertamini, 2000)
can be accommodated within the same explanatory frame-
work, along with many other phenomena of explicit judg-
ments about motion.

If we did not have a haptic system, it is unlikely that we
would have any idea of causality or forces, any more than
we can have any idea of what the experience of a magnetic
field is like for a bird that has a magnetic sense. We could
perhaps learn through science that there are such things as
mechanical forces, just as we learned through science that
there is such a thing as magnetism. Other sensory modali-
ties, principally vision, could give us the ideas of association
and, more specifically, contingency. But any understanding
we might have of causality and forces would be abstract and
theoretical, probably confined to the domain of higher cog-
nitive processes of the sort that are involved in generating
explicit judgments. In fact, we have something much more
experientially based than that. We do have a haptic system,
and it gives us reasonably (though not entirely) accurate and
reliable information about the forces operating when we act
on objects (White, 2012). From that, we can learn how to
interpret visually perceived interactions between objects.
From the episodic traces of experiences of acting on objects
we can abstract concepts, rules, principles, and heuristics
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that capture the main features of those traces. Explicit judg-
ments about object motion are guided by such heuristics—
principally, the property transmission heuristic—when judg-
ments are made under conditions of uncertainty. Education
in the laws of physics can liberate us from those concepts
and heuristics to some degree, but they continue to function
as intuitively appealing guides to judgment, useful but error-
prone predictive and inferential tools.

Since the initial, spectacular demonstrations of judgmen-
tal error by McCloskey and colleagues, the study of explicit
judgments about object motion has faltered. This is unfor-
tunate, because moving objects are abundant, and we have
to deal with them at a practical level on a regular basis. I
have suggested some ways in which this study could be
taken forward, but I am sure that there are many more, and
that many important things about the ways in which explicit
judgments about object motion are made remain to be
discovered.

Author note Thanks to Lorraine Woods for assistance with the
figures.
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