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This paper offers background for an English transla
tion of an article originally published in 1891 by Au
gustin Charpentier (1852-1916), as well as a summary
of it. The article is frequently described as providing the
first experimental evidencefor the size-weight illusion. A
comparison of experiments on the judged heaviness of
lifted weights carried out by Weber(1834) and by Charp
entier (1891) supports the view that Charpentier's work
deserves priority; review ofother experimental studies on
the size-weight illusion in the 1890s suggests that the
idea that the illusion depended on "disappointed expecta
tions, " especially with respect to speed of lift, became
dominant almost immediately following the publication
of Charpentier's paper. The fate of this and other ideas,
including "motor energy,"in 20th-century research on the
illusion is briefly described.

It is often stated (e.g., Jones, 1986, p. 36) that the first
demonstration of the size-weight illusion is that in Char
pentier (1891); below we shall show that this statement is
historically acceptable, insofar as writings on weight per
ception prior to 1891 provided no experimental demon
strations of the illusion. Because of its historical impor
tance, we have prepared a translation of Charpentier's
paper, which originally appeared in French in a physio
logical journal: This translation can be accessed on the
World-Wide Web at the address indicated in the acknowl
edgements note.

The present paper presents a brief historical introduc
tion to Charpentier's paper, a summary of it, and an ac
count of the immediate reactions to it; we also highlight
the relevance of this early research to recent work.
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copy of the English translation of Charpentier's 1891 article will be
sent with the reprint. Otherwise the translation can be accessed on the
World-Wide Web at the following address: http://pavlov.psyc.queensu.
ca/faculty/murray/charp.html

Historical Introduction
One of our aims here is to provide more evidence than

has previously been available in English that Charpentier
indeed deserves priority in the matter of the size-weight
illusion. We therefore examined the English translations
(Ross & Murray, 1996) of the two books on the touch
sense written in 1834 and 1846 by Ernst Heinrich Weber
(1795-1878). Weber's main findings about weight per
ception are as follows: The parts of the body vary in their
sensitivity to, and their ability to discriminate between,
weights applied to their surfaces; the left side of the body
is more sensitive than the right in this regard; weight dis
crimination is finer when the weight is picked up by the
fingers than when it is placed on the palm. Picking a weight
up with the fingers adds muscular sensations to pressure
sensations. However, Weber does not explicitly mention
the size-weight illusion, although he does state that objects
ofdiffering shape and density differ in apparent heaviness,
since pressure per unit skin area is an important variable
(Ross & Murray, 1996, p. 63). However, elsewhere (p. 118)
he suggests that total skin area counteracts this effect.

Weber also makes no mention ofthe effects oforder and
contrast, which were topics ofgreat interest to subsequent
authors. The order effect was known as the "time error"
(after Fechner's Zeitfehler) or the "time-order error" (see
Hellstrom, 1985, and Poulton, 1989), in which the second
of two equal weights usually feels heavier than the first.
Related to it was the "space error" (Fechner's Raumfehler),
in which a given weight usually feels heavier in the left
hand than in the right. Fechner (1860a) suggested that the
presentation orders should be counterbalanced when mea
suring the differential threshold. Of more importance for
the size-weight illusion was the contrast effect known as
the Einstellung ("set") effect. If after having repeatedly
lifted two weights, X and Y,with X much heavier than Y,
we then lift two weights, Z and Y, with Z only slightly
heavier than Y, Z is usually judged (mistakenly) to be
lighter than Y.

Fechner's carried out his main weight experiments be
tween 1856 and 1859, and he reported on them in his El
ements ofPsychophysics (Vol. 1, Fechner, 1860a). The
experiments concerned the time and space errors, but not
the size-weight illusion. Fechner mentioned the Einstel
lung effect in a separate paper on contrast in vision (Fech
ner, I860b, p. 76), where he briefly discussed contrast ef
fects in other senses. This is the section on heaviness
perception:

It is easy to create experiences [similar to those of vision]
in the realms ofother kinds of sensations. If, in the course
ofmy experiments on sensitivity to differences in heaviness
[Gewicht], I carry out a series of trials with heavy weights
and then suddenly go over immediately to very light weights,
or lift an empty vessel that has no load in it, I have the im
pression, not merely that there is no load to be felt, but that
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the lifted vessel itself seems to me to have a negative
heaviness, so to speak.

This sensation of lightness instead of heaviness is always
something positive in the sense that it cannot be confused
with an absence or unawareness ofsensation. On the other
hand, the difference between this sensation and those as
sociated with the previous trials is something negative and
the sensation of this difference determines, in this case,
the conscious experience [dasBewusstsein].

This comment of Fechner's may be the first report of
the Einstellung effect for lifted weights. Muller and
Schumann (1889) demonstrated the same effect when the
weights were lifted simultaneously or sequentially in the
two hands. They argued that the effect was not due to a
space error, since the direction ofjudgments went counter
to the usual handedness effect. They also noted that the
affected comparison weight was often lifted high in the
air. They argued that the main cue used to judge weight
was the speed with which we lift the object: the faster the
lift, the lighter it feels. The typical action of bouncing
the hand or "hefting" (French, soupeser) shows that such
motions aid weight perception. However, we also use sub
sidiary cues, including sensations ofpressure and muscle
tension. When these sensations are absent (as in certain
pathological conditions), the patients report that most
weights feel light. Muller and Schumann also discussed
the role of imagery of one's own movements [Bewe
gungsbild], and argued that the Einstellung effect arises
because long experience with a heavy weight in one hand
leads the subject to form an image ofa slow lift. The sub
ject, who is then surprised to find his arm rising quickly,
judges the weight to be light.

Muller and Schumann (1889) dismissed other expla
nations, including the theory that subjects pay attention
to "sensations of innervation." This term refers to sensa
tions arising in the brain when a subject "wills" a move
ment. Because the brain has no sensory endings, however,
the very idea ofsuch sensations is neurologically suspect;
moreover, as William James (189011950, Vol. II, pp. 499
522) put it, "there is no introspective evidence of the feel
ing of innervation," although, as he also stressed, there
could be "mental cues" such as feelings ofeffort, or men
tal images, prior to the execution ofa willed action. The
early literature on whether sensations of innervation
exist in addition to these other feelings or "mental cues"
has been reviewed by Boring (1942, pp. 527-529), Ross
and Bischof (1981), and Scheerer (1987). The term had
practically disappeared by about 1900, though related
concepts continued to be discussed under other names,
such as "corollary discharge" (Sperry, 1950), "efference
copy" (Holst, 1954), "monitoring of command signals"
(Gregory, 1958), and other variants.

Again, in all ofthis long article, there was no reference
to the size-weight illusion. The first study to report ex
perimental data on the illusion does therefore appear to be
that ofCharpentier (1891), who refers to no prior litera
ture on the subject. This need not be taken, however, to

imply that the illusion was unknown prior to Charpentier's
work; in fact James (189011950) discusses in detail how
our perception of heaviness depends on our prior expec
tations of how heavy an object should feel, given our
prior experience of it (Vol. II, pp. 501-503). But he does
not use the word "illusion" in this context, only the word
"surprise" when an expected sensation ofheaviness does
not materialize on one's lifting the object; and he pro
vides no deliberately obtained experimental evidence.

Charpentier's (1891) Article
Augustin Charpentier was born on June 14, 1852, in

the small French town ofArgenton-sur-Creuse in the cen
trally located departement of'Indre, He studied medicine
at the nearest academic center, Limoges, and defended
his doctoral thesis in Paris in 1877. He decided at this
time to specialize in ophthalmology, and his first aca
demic appointment was with the faculty of medicine at
the University ofNancy in eastern France. At first, he was
mainly concerned with clinical practice, but he found him
self drawn to research, particularly in physiological op
tics. During his long career at Nancy, he published a total
of 289 papers, the quality of which was acknowledged
by his receiving several prizes from the Academie des
Sciences and being made a Chevalier of the Legion of
Honor in 1906. He died on August 4, 1916, in the town in
which he had been born. More details about his discover
ies concerning visual science are given in the useful obit
uary by Dufour (1916). The following is a summary of
the contents of his 1891 article.

The article was divided into 10 sections. Charpentier
opened section I by noting that practical difficulties often
prevent experimenters from demonstrating that Weber's
law applies to weight discrimination. He stated that he
would try to throw some light on these difficulties, and
thereby on the physiological processes underlying weight
perception.

An object's weight can be judged through pressure
sensations alone, but sensations from muscular contrac
tions add precision. An additional variable is the amount
of "motor energy" (l'energie motrice) available to us, as
is shown by the fact that "a given weight will appear
heavier to a child, an old man, or a sick or tired man than
it will to a man in good health" (section II, p. 124). Thus
a weight feels lighter the greater the number and thick
ness of the muscles lifting it.

As proof, a chair feels lighter if lifted with two hands
rather than one. But the arrangement of the hands is also
important. If they are placed a certain distance apart on
the upper cross-bar ofthe chair, the chair will feel lighter
than if one hand is placed at the center and the other is
cupped on top of it. This suggests that sensations ofpres
sure are in part determined by the area of skin surface in
contact with the weight.

To examine this idea, Charpentier placed two spheres
ofdifferent sizes but each weighing 266 g onto subjects'
supine palms, and asked them to heft the spheres. The



small sphere was judged to be heavier than the large. But
if the subjects lifted each sphere with a single finger in
serted into a small hook, the two spheres were judged to
be equally heavy. Charpentier concluded that "the less
the pressure per unit of surface area, the lower the cor
responding sensation of heaviness" (p. 128).

We should note that this experiment was carried out to
demonstrate the influence ofthe area of skin contact. Sur
prisingly, Charpentier did not indicate here (section IV)
whether or not the subject was looking at the spheres; but
Flournoy (1894, p. 207, n.) contended that Charpentier's
subjects may have had their eyes closed. If so, the exper
iment was not intended as a demonstration of the visual
size-weight illusion, which would be described later in
section X.

Sections V-IX are devoted to the influence of "motor
energy" Several experiments show that a weight lifted
with one hand alone feels heavier than when lifted at the
same time as another weight in the other hand or lifted
with some other part of the body. Charpentier concluded
that apparent weight depends not only on the skin contact
area but also on the total amount ofexertion expended by
the whole body. This amount of exertion is also reflected
in feelings ofeffort or tension, and the brain records such
feelings. Feelings related to the muscle activity ofanyone
body part have subjective intensities that are proportional
to the totality of the feelings of exertion recorded while
other body parts are moved at the same time.

In section X, Charpentier added a final source of in
fluence on apparent weight-namely, "accompanying
mental ideas." For example, when he repeated the ex
periment in which subjects used the hook handles to lift
two equally heavy but different-looking spheres, but now
kept their eyes open.ithe subjects no longer judged the
two spheres to be equally heavy (as they had when they
had carried out the task with eyes closed). The smaller
sphere was now judged to be heavier than the larger
sphere. This is the only mention of the size-weight illu
sion in Charpentier's paper.

Charpentier claimed that the illusion could be explained
if the subject had "preliminary ideas" about heaviness
based on previous experience. He went on to ask: "But
is not such an idea itselfa motor phenomenon, a cerebral
effort, positive or negative as the case may be?" (Charpen
tier, 1891, p. 135). If these "preliminary ideas" were sim
ply subcategories of "feelings of mental effort," the per
ception of heaviness would depend on only two kinds of
feelings: those of pressure on the skin and those of cere
bral effort.

The Immediate Consequences
ofCharpentier's Article

The first reaction to Charpentier's article was that of
Flournoy (1894), who wrote an article in French in which
he argued that the size-weight illusion could be explained
by falsified expectations and by the manner oflifting. (A
summary of the life and work of Theodore Flournoy
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[1854-1920] has recently been provided by Nicolas
[1998].)

Flournoy (1894) tested 50 subjects, using 10 objects
all weighing 112 g but ofdifferent sizes and shapes. The
smaller the object looked, the greater its apparent weight.
However, the illusion vanished if subjects closed their
eyes while lifting the weights by wire handles. Flournoy
suggested that subjects prejudged the weight of an ob
ject by its visual size and then set themselves to lift it
with a certain force-an inappropriate force in the case
of illusions. He quoted with approval the idea of Muller
and Schumann (1889) that speed of lift was a key vari
able in weight perception. Flournoy believed that the il
lusion depended on the subject's forming an image (per
haps with visual as well as motor components) of how
heavy he thought a weight would be.

Flournoy stated that Charpentier preferred an expla
nation of the size-weight illusion in terms of sensations
of innervation. However, this claim can be questioned.
The words sensations ofinnervation are completely ab
sent from Charpentier's text. He speaks of "a notion of
the degree of effort set into operation by the brain when
we command that the movement be executed" (sec
tion VI). He also says in section IX: "[the brain] sends a
signal [donne une impulsion] to the muscle to set the lat
ter in motion and records the feeling associated with this
signal [ressent cette impulsion]." There is a translation
problem here as to whether the word ressent means
"senses" or "records," but the latter is more likely. More
importantly, Charpentier's remarks about "feelings" in
the brain do not refer to the size-weight illusion, but to
lifting two weights at once. When he discusses the size
weight illusion (section X) he states that it depends on
an "idea," and that this "idea" itself consists of a cerebral
effort; he does not specify in detail how this could ex
plain the illusion. Nevertheless, it is probably fair to say
that Charpentier intended an explanation in terms ofsen
sations of innervation. A more specific explanation in
volving incomplete sensations of innervation was pro
vided by Martin and Muller (1899): One learns to exert
a larger force when lifting larger objects, but part of that
force is unwitting or unsensed, so that a fast lift is at
tributed to a light object rather than to a strong lift (sum
marized by Hershberger & Misceo, 1983).

Meanwhile, at the Psychological Laboratory founded at
YalebyG. T. Ladd(1842-1921) in 1881 and handed over
by Ladd to E. W.Scripture (1864-1945) in 1892, at least
three experimentalists-Scripture himself, 1.A. Gilbert
(1867-?), and C. E. Seashore (I 866-1 949)-investigated
the illusion. At the same time, at Clark University, F. B.
Dresslar (1858-1930) was studying the illusion in school
children. The three main papers reporting data were
those of Gilbert (1894), Dresslar (1894), and Seashore
(1895); but the work was begun in 1893 and may have
been started without knowledge of Flournoy's experi
ments. Scripture (1897) stated that Gilbert's "were the
first measurements made on the size-weight illusion"
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(p. 227); but his student Seashore (1895, p. 1) explicitly
referred to the studies of Charpentier and of Flournoy.

Weshall summarizethis American researchonly briefly.
Gilbert (1894) used the illusion to determine whether
children's "suggestibility" changed with age; he found
that the illusion increased over ages 6-9 and then de
creased up to age 17, with girls being more susceptible
than boys. Seashore (1895) showed that the illusion could
be reduced by giving instructions about its nature and
could be increased by providing more visual information
about the objects. Seashore also measured the illusion
when the object was gripped as compared with when it
was placed on the outstretched palm. Later, Scripture
(1897) suggested that the size of the illusion in Sea
shore's experiments could be measured by a formula in
volving volume and true weight. Dresslar (1894) worked
independently on the illusion and noted that neither
Weber nor Fechner had studied it, and that he had not
come across Charpentier's work till later. He found the
usual illusion present in children, and also found that ob
jects of compact shape felt heavier than those of sprawl
ing appearance.

By 1895 there was an extensive collection of data on
the size-weight illusion, much of it carried out in Scrip
ture's laboratory, where the theoretical focus was not on
the illusion as an undesirable artifact, but as a category
of mental mistake (along with hallucinations and other
phenomena) resulting from disappointed expectations.
Meanwhile, work continued in Europe on the idea that
these disappointed expectations were specifically caused
by the inappropriate speed of lifting: Claparede (1902)
showed that the illusion was correlated with faster lifts
for larger objects, and he emphasized the neurophysio
logical rather than the mental components of the illusion.
The debate has continued through the 20th century.

The Continuing Relevance
ofCharpentier's Ideas

Many psychophysicists have restricted themselves to
establishing mathematical relationships between apparent
weight, physical weight, density, and other variables (see
Poulton, 1989). Charpentier, however, as a physiologist,
was concerned with explaining weight perception in
neurophysiological terms, such as the pressure per unit
area on the skin and the relative amount of motor energy
required to lift the object. Nevertheless, he thought that
the visual size-weight illusion required an additional psy
chological component-an "accompanying mental idea"
or "feeling of mental effort." The debate continues be
tween those who would explain the illusion at a peripheral
level, and those who emphasize expectations. A modern
example of a peripheral explanation is that of Amazeen
and Turvey (1996), who claim that the illusion is caused
by differences in rotational inertia ofobjects ofdifferent
density, and that no inference is involved.

Of Charpentier's ideas, that of "pressure per unit area
of skin" was relatively uncontroversial and did not gen
erate many experiments. Those of "motor energy" and

"accompanying mental idea" remained controversial and
hard to disentangle, as did those of others concerning "dis
appointed expectations" and the speed oflifting. We shall
concentrate on these controversial themes.

Motor energy. There are some difficulties in unravel
ing the concepts of weight, force, and mass. Strictly
speaking, weight is a force; nevertheless, the term is pop
ularly used to refer to the mass of an object. The subjec
tive heaviness of an object is determined partly by force
and partly by other cues to mass. Charpentier was aware
of this when stating that motor energy was only one ofthe
cues used. Psychophysicists have continued to study the
scaling of force (or perhaps weight) estimates, and the
resulting functions vary with the scaling procedure (see
reviews by Jones, 1986; Poulton, 1989). Charpentier's
idea that a person's strength or maximum energy affects
the perception of heaviness continues to be confirmed.
The topic requires the measurement of subjective differ
ences between strong and weak individuals, or ofdiffer
ences within the same subject under different conditions.
Interindividual comparisons can be made through scaling
procedures such as those of Borg (1962); Teghtsoonian,
Teghtsoonian, and Karlsson (1981); and Borg, Olsson,
Borg, and Neely (1996). Intraindividual comparisons
can be made by contralateral limb matching techniques,
in which the forces exerted by a group of muscles in the
reference limb are matched in subjective magnitude by
the other limb. This technique allows measurement of
the effects of muscular fatigue, partial curarization, or
neurological disorders. In general, muscular weakness
leads to an increase in the perceived heaviness ofobjects,
or in the perceived force exerted; but the findings vary
with different test methods and instructions (see review
by Jones, 1986).

The effects of other simultaneous muscular activities
are still being investigated. For example, Kilbreath and
Gandevia (1991) found that a given weight felt heavier if
another weight (equally heavy or heavier) was lifted si
multaneously by another finger of the same hand, but a
simultaneous weight on the ankle had no effect. These
findings differ from Charpentier's claim that additional
weights make the reference weight feel lighter.

Charpentier failed to spell out how "preliminary ideas"
could explain the size-weight illusion: Ifthese ideas were
simply added to feelings of motor effort, a large weight
should feel heavier than a small weight, instead of lighter.
An explanation in terms of contrast was required.

Speed of lifting and disappointed expectations.
Some version of the Einstellung effect is the most com
mon explanation for the illusion. The illusion can occur
whether the object is judged statically (by pressure alone)
or whether it is lifted, so it would be sufficient to say that
contrast with the expected weight, or with the physiolog
ical adaptation level (Furth, 1960), modifies apparent
heaviness. However, many authors have given a specific
role to lifting movements. Charpentier stated that a mus
cular sensation when one is lifting a weight is composed
oftwo elements: the resulting movement, and a record of
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the effort to command the movement. Others have argued
that at least one of these elements must be incorrectly
registered for a misperception to occur (e.g., Hershberger
& Misceo, 1983; Ross, Schwartz, & Emmerson, 1987).
The role of efferent and afferent sources of weight and
force information is reviewed by Jones (1986, 1996).

Much current work concerns grip force and load force
(see review by Wing, 1996). These forces rise together
and are set by the subject's expectations on the basis of
previous trials and the appearance ofthe grip surface tex
ture. There is thus no doubt that motor set affects the
manner in which an object is lifted; but whether the in
appropriate lift is a cause or a side effect ofan erroneous
weight judgment is much less clear.
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