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ABSTRACT

The size-weight illusion, the persistent tendency for
larger objects t5\be perceived as lighter-tﬁan smaller objeéts
of the same weighg, hés been found.to be related to the manner
in which objects are lifted. The present'study was designed
to'investigate lifting movements and prepanatory museularv
activity in relatién to perceived weight.

vFourteén sub jects 1lifted large and small cans‘by their
handles using wrist flexion movements and made direct
_estimates of the weight of each can. The myoelectric activity
-of the fo;earm flexor and‘extensor\muscles was recorded along

with vertical displacement of the can during each lift.

'Resu1ts confirmed the finding that cans judged as lighter
were 1ifted with greater acceleration and velocity.
- Myoelectric recbrdiggs re;ealed that muscle activity‘occurring
prior to the 1ift was significantly related to weight

judgement. This preparatory muscular activity is interpreted

in relation to the mechanical'aspects of the lifting task.

The results of this study and other research are
discussea with respect to the motor theory of weight
perpeption and the specific»assertion'ﬁhag for objectively
equal weights, perceived lightness is directly related to
.increased muscular activity.

iii



4

TABLE OF CONTENTS

APPROVAL
ABSTRACT
TABLE OF CONTENTS
LIST OF TABLES
LIST OF FIGURES
INTRODUCTION
| | Theories of the SWI
5 " The Motor Theory -
.Design Consideraﬁions for the Present Research
METHOD
Apparatus and Data Recording Specifications
Sub jects
Procedure
Initial Data Treatment
RESULTS
‘Judgementsq
‘} Lifting Movements
EMGs J/
DISCUSSION

REFERENCES

iv

page

ii
iii

iv

1

17

20
20
23
23
25
27
27
31
35
42
51



LIST OF TABLES

page
I . Correlation of Weight Judgements and

Lifting~Movement Variables : 32
IT Mean Values of Lifting-Movement Variables:

for Extreme Judgements 32
ITT Correlations of Weight Judgements and

Pre-Lift EMG . 39
IV °~  Pre-Lift EMG for Extreme Judgements 11



3

. LIST OF FIGURES

page

Relative weight estimations. Fourteen :
sub jects. 7 . 28
Acceleration and velocity averages. ' , 34
Rectified, averaged EMG. - 36
, Integrated EMG differences (large minus
~small). 38

vi



INTRODUCTION - -

Thé idea that perception is'Characterisﬁicélly an active;
exploratory process is exemplified by the ;ct ofylifting an
"object for the purpose of perceivihg its weight. "Heaviness,"
the sub jective impression corfesponding to the physical'~‘
property of weight, is ppimarily an intérpretétion-of the
afferent informatioﬁ derived from a variety of exterocebtive

and proprioceptive sensory mechanisms responding to the ‘A\\

performance of liffing.

However, much of the pyblished‘reséarch on heaviness has .
neglected the 1lifting process and concentrated inspead onh
either: 1) psychophysical Scaling, the re}ationship of -
stimulus magnitude and intensity ef sensatién, or 2)
psychophysical methodology, dr else 3) the curious phenomenon
of the éize—weight illusion. The two leésing individuals in
ﬁhe history of»p§ychophysics, Fgchner~and Stevens, rhave each
made contributions to the‘psychothsics of'wéight perception.

-

Féchner (1860/1966)% following Weber, pe;formed numerous
expefiments with l1ifted weights as part of his development of
the classic psychéphisicélfmethods and’hi5~logarithmic
psyéhophysical law. Stevens, a%ﬁ?jugh’mosf of his research

concerned visual or auditory perception, has utilized his

method of direct magnitude estimation and his power law in

B
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investigétions of wéight/perception (Stevens & Galanter, 1957;"

Stevens, 1974),

Fechner's law and Stevens' law both state tﬁat heavineés
can be equated with an algebraic function of weight. Researgh
on the third topic mentioned above has clearly shown that the
perceived ysight of an object 'is also a function of another
physical property of the object, size. The size-weight
illusion (SWI) refers to the fact that a poynd o}] lead 'is
heavier (in the meaning used ;e;é) than a pound of feathers,
Cﬁarpentier in 1891 was the first to demonstrate‘that the
larger of two equal weights 1s consistently jﬁdged as lighter.

An equivalent statement of this finding is that the denser

object 1is pérceived as heavier.
Theories of the SWI

This last consideration has led to the "é@psity thébry"
d?f the SWI (Huang, ﬁ945a), which states that a judgement of
///iheaviness is based, in part,»on‘a judgement of density.  This
explanation is consistent with WGodwéﬁth's (1938) "confusion
theor{" of illusions and the idea that an observer's
evaluation of a particular stimulus dimension is involuntarily
influenced by other salient features of the total stimulus{ﬁ

context. Koseleff (1958) performed a pkhenomenological gvk\

-
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investigation of density. A typical example of his findings
is the report of one of hié\subjects after encountering the
SWI: "The smaller box appears more dynamic, more condensed.

It has greater stfength, it strikes %arder. The experience of

heaviness is more intense"™ (p. 71).

-
°

Huang (1945b) studied the perceptién of denéity with more
rigbrous psychophysical &ethéds.. He found that subjécfs could
make reliable judgements of density for objects. of varying

V weight. This result led him go suggest "the possibility that

the perception of density, like that of weight, is one of‘pﬁe
. ,

fundamental and immediate psycho-physical functions of the.

organism" (p. 82). , ‘ R
s 3
In the same paper, Huang, anteceding Whorf, notes: "In

some Chinese dialects, there are different expressions for .

"heaviness" correéponding to the distinction between weight

\Egi\?ensity" (p. 81)- -

& 1

The idea that heaviness is based on a combination of
weight and density led Thouless (1931b)“t6 cfte the 3SWI as an
example of his "iaw of phenomenalicohpromise" which states
that if two perceptual cues confliétl the resulting eﬁgefience 

is a compromise between them.
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Thouless (1931b) proposed one of the earllest
‘psychgjhyslcal models of the SWI with t;inappllcatlon of his

formula for "phenomenal regre531on to: the real obJect" (1931a) -

~to welght‘Judgement data, and .the calculatlon of.an 1ndex of ,xigﬂﬁi
the degree to which heaviness is,influehced by density.‘ |
Thouless' formula is similar to the one-deveiopedfby Bru;swik

in 1928 (cited in Tolman,_1935)~ans%whidh is currently

referred éo as érunswik's‘ratio_(Rock, 1975) .

‘ Relatively recent psycﬁaphysical studies have prOposed
various increasingly sophlstlcated models to accolunt for
heav1ness in terms of density. Karube and Tanaka (1964) had

‘ﬁfﬁélr subjects judge the size of stlmulus obJects 1ndependent
v of the weight judgement‘task. Heaviness was formulated as a
power function’ of the ratlo of objective weight and subjectlve
size. These’ 1nv§st1gators then made a commendable attempt to, -’
c}oss-validate their,equation‘by pre ic}ing pergeivegﬁweight

for a variety of different common o jects (book, pebble, etc.)

on the basis of perceived size. The results, however, were

-
only fair. R e T
=

The necessity of the distincﬁion betwéen perceived size
and objective size (volume) has been emphasized by Koseleff
(1957). ~ In one experiment i small object held in the hand was

/\\\<:kviewed‘either directly or through a convex or concave lense.
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The perceived weight was less for the nagnified object and

greater for the minified object. Another ingenious'experiment

‘used a pair of three-dimensional Miller- Lyer flgures to

manipulate perceived size, resulting in a similar influence on

heaviness.

L

a

Other studles in psychophy51ca1 scaling have av01ded

large varlatlons in percelved size by restricting the stlmulus'

_objects nsed to standard laboratory welghts. Sjoberg (1969)

~

assumed that heaviness and perceived size could'be‘described
as power functions of the corresponding physical properties
when other factors were held constant. He formulated
heaviness for objects of varying size as proport;onal to the
ratio of power functions for weight and size. Anderson (1970)
sugge§tgd;an/averaging model in which heaviness equals a
weighted average of a positive function of weight and‘a

negative function of size. J. C. Stevens and Rubin (1970)

related magnitude.estimates of heaviness to a family of power

- " i

-curves for which the ekponent increases with volume. These

authors aiso made the interesting observation that therpower
curves they found, when extrapolated, seemed’to converge at a
point corresponding to the heaviestﬁgfight that could be
lifted under the conditions used. ?h their experiment each

weight was lifted by a wooden knob attached to the top of the

object. The authors report that some subjects hag difficulty
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lifting the maximum weight of 6.4 kg, and that the point of
convergence of the power functions was just greate; than this

at 8-9 kg.

‘A study by Cross‘and Rotkin (1975) was designed to
‘investigate this finding. Their stimuli were similar tb the
objects used byf{, C. Stevens and Rubin, but s&gjects were .
allowed to use béth hands'to'grésp‘the weights. ‘In this case,
the family df;power curves found conyergeqqet 18 kg, about'
twice the value J; C. Stevens and Rubin foundwfor one-handed

lifts.

The .converging power functioﬁs found in Both of these
studies aiso indicate that there is a reduction in the SWI'for
heavier objects. In opposition to this, a stddy by Birnbaum
and Veit (1974) reported that tQSJSWI was increased for
heavier'weights.‘ However, in this experiment much lighter
weighﬁévwere used (50-400 gm), and the sugjects gave category
scale ratings of the difference in heaviness of two objects
lifted simuItaneously with both hands., Category scales have
been found to yield characteristically different results when
compared to magnitude estimations (S. 3. Stevens & Galaﬁter,

1957) .

Another problem with the converging power curves model is



that it predicts. a decrease in the SWI for light weights when
the point of convergence 1is lbuered. As Cross aﬁd_Rotkin
point out, womeh and children should exhibit the SWI to a
1§s§er degree because in general, they cannot lift as heavy
wqights‘as,men can. Experimeﬁf?ﬂ\findings shdw the contrary,
that the SWI is greater for women-(Wolfe,‘1898) and children

(Scripture, 1895; Robinson, 1964).

Additional evidence that the SWI cannot be expiained
solely i terms of density has . arisen from further
implicétions of thé:assumption that additional stimulus cues
é}e used in’the jud;;ment of weiéhts. Thouless (1931b), in
his work discussed above, considered the logical possibi}ity
that size might also acﬁ as a direct cue for heaviness; in‘
which case phenomenal compromise would tend to make larger
objects seem heavier. Thoaless régardeé’the SWI as evidence
that density predominates over size in determining perceiyed
‘weight. He went én to suggest that although size, Qeight, and
density cannot "all be iddependently varied, experimentation
with a Qide range of weights and sizes might find critical

-

values beyond which the SWI is reversed.

AN

. §
_ : by
This suggeStion was investigated in a study by Howard
(1954). In his experiment a volume range of 6 cc to 8000. cc:

was covered with standard weights of density .15 gm/c€ which
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were matched‘to variable weights of density 11.35 gm/cec (solid
lead). The ‘usual SWI occurred for the mediumlto.heavy
weights, but. all nine ez?jects matched the 1.0 gm andhj.9 gm
stendards with heeVier variable weights which illustrated a
eignificant reversal of the SWI. Howard interpreted this
reversal to be due to the inability'of the subjects to
discriminate the ver? light weights and thereby obtain any

indication of density, in which case judgements were based on

-more obvious size cues.

~a

A recent experimental investigation of thevinfluence of
visual cues other than size have posed mere cogent ‘objeetions
to_the density theory of weight judgement. Harshfield and
DeHardt (1970) presented their\;ubjects with cubes of

ildentical size and weight, but different external composition

(e.g. balsa wood, mahogany, steel). When. the cubes were
lifted, the apparently denser obJects were ranked as llghter
One control group of subjects showed that a reversed ranklng
resulted when the obJects were v1ewed but not touched.

Another control group lifted the cubes blindfolded and ranked

the objects about equally, demonstratlng that tactile texture -

.cues had little influence on judgements. This.

apparent-density illusiénjalso offers a plausible explanation
for the earlier finding that the color of objects affects

weight judgement (DE Camp, 1917). These results are

Y



inconsistent with the density theory because that theéry
predicts that, as in the SWI, there 1is ;ome additive
combination of weight and density cues and therefone an object
Wwith greater apparent density should be judged as heavier, the

reverse of the actual findings.

A number of additional experiments, which will be
discussed in anothér context, also point out the inadequacy of
ﬁhé density theory. It wili suffice here to mentioﬁ'oﬁe other
similar illusion‘fifst'reported by Usnadze (1931), and

referred to as the "volume illusion."™ When two spheres of

4

equal size but different weight are held in the hahds, the N
heavier is usually perceived as émaller. This is another
example of contrasting effects of size and weight cues, rather
than an additive combination. Usnadze (1931) performed
another experiment relevent to other theoretical -explanations
of the SWI. In what he cal%ed'the "pressure illusion,"
weights with equal bases but di}ferent heights were placed on
the subject's réstinguhands. Under these conditions the usual,

SWI was—fq'nd to ocecur.

As an explanation of these findings and the results of
other experiments with completely different perceptual tasks,
Usnadze theorized that the pgrceived difference between two

stimulus objects creates a corfesponding "Einstellung" or
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"mental set." Fﬁ?therhore, this "Einstellung" generalizes to
other stimulus dimensions of the compared objects. For the

SWI, the "EinstellungﬁAprodﬁcedﬁby the percéived difference of
large vs. small'generalizes to the dimension of heavy vs.
light. The resulting contfast‘between the "Einstellung" and
the actual seqsationé of weight cause the illusory judgement,
according to &snadze (1931; Englisé summaries available in

Huang, 1945a, and Bzhalava, 1958/1962).

N

As‘discusséd by Huang\(TQMSa), Usnadze's theory
emphasizes that it ié the perceived difference between. two
objects that is responsible for the formation %f the
"Einstellung" and from this the illusion,. and so the theory
wéuld not predict an'effect of size on perceivedbweight for a
singlerobject judged independently. Folloﬁing Huaﬁg's
suggestion for a test of‘this deduction, Ross (1969) had .
sdbjecté match a visible weight to oﬁe blocked from vieﬁ, both
of them lifted by strings.a‘Results showed that the SWI did

indeed occur. Usnadze's "Einstellung," then, does not seem to .

be a necessary condition for the SWI. b3

The Motor Theory

In contrast to the previously discussed "central™®

theories (those which emphasize the processing of senéory

3



information at the'highest levels of tﬁe nervous. system), the
importance of the efferent activity correSponaing to the
execution of 1ifting is stressed in!what will be referked/ﬁo
here as the "motor" theory of weight perception (Miiller &
Schumann, 1889). Martinrand MGlLéF‘(1899) proposed that the
SWI occurs because an individual has learnedrfroﬁ life's g
experience that there is a positive corrélgtion between size
and weight, and QUe'to this "Eiﬁséellung" géxlifts larger
objects with greater exertion, aﬁd when the ob}ect rises up in

N

the air faster (surprise!), it is felt to be lighter.

This theory emphasizes the infl&ence on judgement of the
kinesthetic sensétionsmwhich arise during the 1ift, rafher
than the "sensations of innervation" associated with the
muscular exertion. Miller and échumann thought the
"Einstelluﬁg" to be unconscﬁous, andbdid not consider the
motor theory to support the {dea of "sensatiogsrof

innervation" (Boring, 1942).

It should be noted that although both Miller and Usnadze

>

used the same term "Einstellung," the Gérman word has a very
broad definition. Usnadze (1931) distinguishes his concept of
a temporary mental set induced by stimulus,differehces from

what he refers to as the "motorische Einstellung" of Miller

and Schumann.
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Althpuéh the motor theory is referred to as the
"classical theory" of thé SWI (Huang, ﬁ9u5a) subsequent
research on 11ft1ng movements and the associated muscular
ractivity related to the SWI has been both 1nfrequent and

1ncon51stent.

Loomis (59075't§ok kymogtaphic records of the movements
executed in the simultaneéusvlifting of two boxes with both
arms. He reported that the larger objec§ was lifted faster on
the first trial, but not on subsequent trié s, élthbugh the

SWI continued to occur..

In an often quoted study, Payne and R. C. Da&is (1940) -
recbrded‘electrbﬁyogra%s°(EMGs) as a measuré of the activity
in the lifting muscleé during a weight comparison task which
did not invglve the SWI. One subject repeatedly lifted a
\\single standard weigﬂt followed by a variable weight. ‘Whén
therEMGs recorded “during pairs of lifts for individual
variaBle welghts were grouped on“the basis of 5udgement, it
was found that a judgement of "heavier" for the variable
weight was related 'to greater muscle acpivity during the
variable 1ift and less activity during the preceding standard
,1ift.‘ This is- not what would be predicted from the motor

theory of the SWI-.
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influence of the standard 1ift on the va ift and also
that of the previous variable lift acting on thgvnext standard
lift. |

. Time error, originally investigéted by Fechner
(1860/1966), can have a major effect on the SWI. In a study
by Werber and King (1962), subjects lifted a standard cylinder
followedpby a taller comparison cylinder of equal weight, with
the result that 37 out of 72 subjects judged the larger object
as heavier, an unusual féilure of the SWI.

Thevrelationship of time error to muscle activity ih a
weight comparison task was investigated by Freeman and Sharp
(1951): They fouqd that when the second 1ift followed the
first byva shoft integval (4 sec) there was increased muscle
tension ana a prebonderénce of "lighter" judgéments (positive
time-error), while a longer interval (8-30 éec) produced
smaller EMGs and also "heavier" judgements (the more common
negative time—errpr).{ The "muscular fading trace" found by
these researchers, if considered asua/direct measure- of

"Einstellung," affects weight judgements in a manner

consistent with the motor theory. - Although referred to as
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"time error," the reliable effect of the time interval between
paired-comparison 1ifts could just as well betcpnsidered\as

the "time~-weight illusion."

A number of additional weight illusions have been

demonstrated by some recent research Qirecﬁed at the motdr

&

theorg, In'é series of experiments perfofmyd by McCloSk&v
(1974), subjects matched the weights of two beakers grasbed
simultaneously with each‘hahd, The first experiment used wide
and narrow beakers, ;nd the usual SWI was evident. The
following two experiménts used two‘different methods to
increase .the inward force required to grasp one-of the
o€ﬁerwise_identical bea&ggg. When elastic bands attached to a
wire frame around thé beé%ér opposed closuré ofithe fingers,
P
' the beaker felt lighter;illn the‘third experimenﬁ, a coating
of petroleum jélly made the beaker slippery and'prdduced a
isimilar effect on juagement,

Another illusion resulting from experimentgl manipulation
of 1ifting movements has been demonsfréﬁsd,by C. M. Davis, |
Taylor, and Brickett (1977). Subjects wéée ihstrupted to 1lift
identical cans either "gent}y" or "vigprously." '
Paired-comparison'judgements revealed that cans lifted:

vigorously felt lighter. The explanation proposed for these

illusions, consistent with the motor theory, i's that an
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experimentally-induced increase in the activity of the muscles
effécting the 1ift produces a decrease in perceived heaviness.

’

Other recent research has investigated the 1iftihg
movements and muscular activity ;oincident with the occurrence
. of the SWI. C. M. Davis and Roberts (1976) filmed their
sub jects lifting large ahd small cans in a paired-comparison
task. The experience of the illusion was related to greater
peak velocity and acceleration for the large can, as predicted
by the motor theory. ‘ |

The role of muscular activity in the SWI has been
investigated directiy for both 1ifted3objects\and also
isometrically supported weights. With regard to the latter
cdndition, it should be recalled here that Usnadze (1931)
cited his demonstration of wha€ he called theA"pressure
illusion” as an argument against Muller and Schumann;s motor
theor& because lifting was notAfequired.for the experience of
this illusion. Bzhalva (1958/1962) has recorded EMGs from the
forearms of subjects while they supported two equal weights of
different sigé and foﬁnd that the EMG level was greater.in the
.arm supporting the larger object. >Although the interpretation
provided by this author was based on Usnadze's "central sét"
theory, these results are also consistent with the motor |

theory.
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Emg activity during active lifting was studied by Jarrard
(1960). At the béginning of'the experiment §ubjects lifted
large and small 1 kg blocks in a task designe§ pq.let them
experience thé SWI. In the main part of the experimenf a
block was repeatedly lifted by means of‘a cgrd attached to thé
subject's middle finger.ﬂ Subjects were instructed to lift the
‘:block as %any times as possible, for four separated -series 35)
lifts. One group of subjects lifted first the small blodk,
then cﬁanged to the large block. The other group hgd the -
reve;se drder. Compafed to two control groups which qséd
identical blocks in each series, the group that wés swiéched
from the large to the small block made fewer\lifts before

exhaustion and also produced greater EMGs while\lifting the

small block. The complimentary effect was found\for the group

switched from small to large. These results would not be
predicted from the motor theory, but are difficult to
interpret because of the large fatigge effects present.
Fétigue has been found to increase the "sense of effort" for
isotonic contractions (McCloéky, Ebeling, & Goodwin, 1974) and

might interact with the SWI in some unknown way.

The final study to be discussed is the basis for the
present research. C. M. Davis and Brickett (in press) had

subjects 1ift large and small cans by wrist flexion following

'
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¢ & |
"réady" and "lift" signal lights. Forearm-fléxor EMG was
.recorded with réspect tovthese gsignals.. For those V
paired—cdmp?rison trials, showing the SWI, the EMG activity
before the "ready" signal for the second 1ift compared to the
EMG level just after the "1ift“‘éignal of the first 1ift was
significantly different for small-large and large-séall

pairfngs, in the direction predicted by the motor theory.

Design Considerations for the Present Research

7

One feature of the paired—compariéon method is that each
judgement réflects the combined perceptions obtained for two
lifts, together with confounding factors such as time error.
The results of the previous study, did in fact show a sizable
time-error effect on EMG amplitudes. Other reggarch has found
that'time error in comparative weight judgements cannot be
eliminated byﬁa simple combination of the results obtained

A}

from two presentation orders (Woodruff, Jennings, & Rico,

1975). Alternatively, the psychophysical method of direct
magnitude estimation Qould be used to obtain a separate
judgement of heavinessrfor each 1ift. Cross and Rotkin (1975)
investigated "time érror" for magnitude estimations of liftedy
' weights (the degree to which one estimate is influenced by the
preceding estimate) and found no effect when the judgea

s

objects varied in volume but were of equal objective wéight.

f
4 ‘-.
]

i



Another consideration in regard to ‘the prévious stu is
the use - of imperative stimuli, "ready" and "lifﬁ" lights,*
- which to some extent make lifting a:reaction timé task énd
itselg contributes to muscle actiyity (R. C. Davis, 1940).
"Read&" and "1ift" signals were{also used by C. M. Dévis and
Roberts (1976) in their study of 1ifting movements in the SWI.
It is .not knowp whét ‘effects these signals might have on
'lifting moveménts. In everyday liferhowever, weight
perception is rarely the objectiVe of a reaction time task.
Expgrimental findings of greater generalizability might be
obtained by eliminating such imperative signals. |

The preéent study has attempted tofincorpdrate these
considerations into the experimentai method described below.
In this experiment no imperative Signals‘ére used; subjects
perform voluntary 1ifts and make é direct weight esﬁimate for
each object (cf?{ Fries & Holmberg, 1968). Furthermore, in
cohtrast'to previous studies, in Fhis investigation both EMG
activity and the corresponding lifting mdvements are recorded
for each 1ift. It is hoped that by this means a quantitative
evaluation of 1ifting movements and partggularly thé
accelerative forces involved in lifting will allow avmore
meaningful interpretation of preparatory muscle activity.

Finally, w;@h consideration to the biomechanical complexity of
ﬁ R
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even Subh a relatively simple'lifting-movement as the wrist
flexion used in this experiment, it is deemed importantftq
record EMGs derived from both the agonist effector muscles

(tﬁe,forearm flexors) and the antagonists (the forearm

“to investigate

extensors). The following study was conducte

~

the relationship of these-peripheral responsges to perceived



METHOD

Apparatué and Data Recording Specifications

The experimentvwas conducted-in'an‘electrically‘Shielded
roqm‘connectgd ta an adjoining control room by a partially
silvered window. The subject's chair had a modified right arm
rest Qith a flat, padded surface., The test Stimuli were fdur
iarge and four small‘white)paint cans, each of which weighed‘
500 gms. THe large cans wefé 10.6 cm in diameter and 14.6 cm
high (1290 cc in volume,and .26 gm/cc in density), and thé
small cans were 7.4 cm by 8.0 cm (344 cc and 1.45 gm/cc). All
cans were fixed with identical rigid wire handles 10 cm in
width and extending 20.5 cm above the‘base of the can. An
unmodified brass balance weight with "500 gm" stamped on yt‘

was used as the standard stimulus.

A Hewlet-Packard 2116B computer with a 10-bit multiplexea
analog-to-digital converter, CRT aisplay, and magnetic tape
storage was used on-line for data collection and control. The
computer was triggered for data acquisition by the
lifting-movement transducer built into the small table from
which the cans were lifted. A permanent magnet in a
funnel-shaped pléstié encapsulation was positioned over a hole

in the metal plate on the top 6f the table. When a stimulus

e
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can containing another magnet was placea on the table this
device firmly attached itself to the recessed bottom of the
can and was pulied up through the hole for the extent of phe ‘
lift. A wire leading out the loWer‘bart of this,device'wes |
connected to circuitry that triggered the computer at”the

beginning of a lift when the rim on the base of the can broke

electrical contact with the metal plate.

Lifting movements were transduced by means of a lengfh of
ilow-stretch dial cdre which ran from the bottom of the
magnetic device straight down under the Fable, around a pulley:
on the shaft df a potentiometer and terminated with a 20 gm
lead weight. The potentiometer, a 10=-turn AmphenollprecieiOn
Micropot, had a manufacturer's specification for linearity'
tolerance of .25% anq was individuall? selectea for low
Eurning—toque. The tangential forcevreQuiFed on the 5.0 cm
circumference nylon pulley to overcome frictien in the pot was
measured to be equivalent to 5 gms. The magnetie device, with
the lead coUnEer-weighf, weighed a total of757 gms.
Therefore, for each 1ift the quivalent méss added to the 500
gm can was an estimated 62-gms. The output voltage of the
potentiometer corresponding -to the'Qerticalrdisplacement of

the can was sampled by the computer during the course of each

1ift to produce the lifting-movement record.
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Two channels of EMG were amplified with Grass model TP5
achpﬁeamplifiers and model 7 driver amplifiers‘set for a
minimum half—émpf?fﬁde«frquency bandpass of 10-500 Hz. The

gain of the amplifiers was adjusted at the beginning of each

~ recording session for a level that would just écdomodate the

max imum. EMG ‘amplitude produced during the ﬁractice 1£fts:
'Tﬁe cbmputer sbﬂtwaré for data acquiéitign and .control
was devéloped by Howard Gabert, P;‘Eng._ The;p}ogram pamed
NTOO (for "negative.time") continously stored digitized data
7in Eﬁ%frculating'buffer in mémory and thereby allowed thé
"sampling ebocb Eor each trial to start‘étisome figed time
'befbre'the occurrence of a trigger signal. "A total df'102Q
points per channel were collected for each trial. Data were
sampled over a 2.?5 sec epoch which includéd .8 sec‘prior to.
theylifﬁ trigger‘éignal and 1.45 seé during_ﬁhe course of thé

1ift.

Immediately following each tria1°the acquired data were

displayed on a large (8x10 in.) CRT, and then stored on°

"digital magnetic tape.

Sub jects

Fourteen male and\female university studenté participated

~ea
i



23

in this study ahd were paid for their services. All subjects

were initially unfamiliar with the SWI.

Procédure
o4

Each subject participated in'two sessions on different
days. The first day waé,a practice session intended to
familiarize the subject with the weight estimation task and
did not include»EMG recérding. Except for this and a fewer"
number of trials in the‘pracﬁice session, the instructions,
stimuli, and procedures were the same for both days.

EMGS were recorded froaﬁfouf Beckman surface electrodes
affixed to the subject‘s‘right forearm at the standard flexor
and extensor loéations (Jf.F. Davis, 1959). The subjects's
forearm was positibned palm-up on the arm of the chair and -
réstrained at the wrist with adhesive tape. Polystyrene
: Block34 grooved to fit the héndles‘of the cans, were attached
" to thébpalmar surface of the subject's first énd third fingers

over the middle phalanges.

Subjects were instructed to keep their forearm L
horizontal, their palm and fingers straight, and to 1ift each
can by wrist flexion only. Furthermore, each lift was to be a

smooth up~and-down motion and the‘can was not to bg‘"dandled."
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The subjéct was askedrto make a number of practice lifts untilv
the experimenter determinea'that the subject was following the
lifting instructions consistently. 'The subject was also
instructed that at the ‘beginning of each trial when the
experimenter placed a ﬁew can on the lifting platform the .
sub ject was to raise his or her hand so that the polystyrene
blocks just made contact with the can handle, but Qas not to
exert any force on the can until the experimenter said "go
“ahead." Immediately after each lift the subject was to giye-
an estimate, in grams, 8f the-weight of the can. Also, egch‘
estimate was to be an independent judgement.

&%

At this point befofe the first trial, a 500 gm‘balanée
weight was placed~ip the subject's éand for approximately-30
secs. The subject was told that this standard wéighed exactly
500 gms, and that ail 4he cans to be judged "weigh something

\./r\

in the neighborhood of 500 gms."

Fér eaéh one of the following trials, the experimenter
selegted one of the eight cans from a box out of the subject's
view and placed it on the-lifting table. When the
gxperimenter was assured that the Subjectfs hand was in
position and that the computer was ready to accgpt data, the
experimenter gave the "go ahead" signal. After thé s&bject

lifted the can and made a weight \judgement the experimenter
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_ ~/ - ,,
recorded the judgement, briefly \inspected the digitized data-

displayed on the CRT in the adjoining room, and exchanged éggs,

for the next. trial.

Large and small cans were lifted alternately with an

[

interval of approximately 20 secs bt®tween each lift. The

&3

sub ject was given a short break at least once during the

. Session and also whenever exhibiting signs of fatigue. A

max imum of 100 trials constituted one session.
Initial Data Treatment

The Qigitized data fof each trial included two channels
of raw EMG, the liftvdisplacement record, and also a marker
channel encoded with the computer trigger signal which
indicated tﬁé time the can was not in contact with the table.
Initial prbcessing of each ENG record consisted of full-wave
rectification about a baseline determined by the mean of all

1024 data points.

The 1ift displacement records were used to compute

estimates of velocity and aqpéleration for each 1lift. The-

1 4

vertical velbciﬁy and acceleration at each.point on the o

-

displacement record were estimated by the first and second

derivatives of a quadratic curvelwhich was fit by . -
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1éast-squares to the 51 consecutive.displacemént values
penﬁered at‘that poiht. No estimates could be made for the

first and last 25 points in each record, but these were

qsampled,either before the 1ift began,‘or near the end of the

1ift. It was judged necesséfy to use for each cqrve-fit a ’

b

~4total of 51 points, sampled over an intervalgof‘T12 msec,-in

- AL g
order to achieve a reasonably smooth acceleration estimate.

[ <
[ .

A émal} pérc;ntageﬁof the reéorgedgtrials'were found to4
have been«sambled érematqgely due to a spurious computer
triggerqgfgﬁal generated béfore~the lift by a»briéf break in

“the electrical contact between the can and the metal plate on
the 1ifting table. This artifact was probabl& caused“byz
irregularities in the bottom riﬁqu the can and/by éhe sUbjéct'

P

"Jjiggling" the can just befdr@‘lifting‘it. Thése trials could
be easily. recognized by the "no;;e" in the marker channel.v A
computer program automatically checked the marker channel on

each trial and idéntiﬁied thése_wiﬁhvthis artifact.f Less than

seven percent of-all recorded trials were thus identified and

rejected, leaving a total of 1270 trials for the 14 subjects.
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RESULTS \

Judgements

The weight estimates of all 14-subjects are ,shown in
Fiéure 1. " Each point plotted wi@h a symbol represents a
single‘judgement for one of the-.large or small cans 1lifted in
alternating erder over the duration of the session. Straight
liees conneet successive judgements for each size can. One
resﬁlt evident i{ these glots is that all subjects, to varying
degrees, experienced the SiZeﬁweight illusion; _ the average !
L Weight,eéfimates for ;mall cans were greater than those for
large eans. An initial concern in this study waé whether or
not this "size effect" would be maintained over thevdurétion
of a session including 100 trials. As Figure 1 Shows, there
is little evidence of diminution of the size ;ffect for
nepeajég judgements of the same eight cans.. This result
confi?ﬁs‘earlier pilot research which found tha£ the .
;ize-weigh£ illusion persistently affected the weight

estimations of all three subjects who each made close to 400

judgements over four sessions. . \\hylz////

Figure 1 also shows the great variébility in weight
judgements, both between and within subjects. The difference

between the most extreme estimates given by individual
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SW - , a

Figure 1. HRelative weight estima?ions. Fourteen subjects.
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sub jects ranged from 75 to 575 gms. _Eigure ildoes not show

the absolute magnitude of the weight éstimates begause each —\
plot has been re-adjusted to fit on the pagg. Howév?r, the
mean weight estimate for all trials of different subiégts;
varied from 275 to 570 gms. This was a sizable constant error
considering that the weight'of each can, plus the attached:
lift tfansducer, actually amounfed to 562 gms. A post—hoé
éxplanation of this result is that the small size of the
standard weight (approximately 65cc) induced a SWI effect on
the weight estimates of the relafiVely larger cans.

¥

Lifting Movements

The analyses of lifting movements and EMGs are based on
those tr;als which survived the automatic artifact-screening
procedure performed by the data analysis software. Fdrothe
remaining 1270 trials the maximum values of vertical.
displacement, velocity, acceleration, and initial deceleration
were found. For ea;h sub ject the Pearson Eorrelation for’
these four variables and estimated weight was cdmputed. Table
I presents the mean correlations and the single-sample
Student's t values which test the null hypothesis that the
correlation is zero. Although the correlations aré quite

small, velocity, acceleration, and deceleration are

significantly related to the magnitude of weight estimates.



£ N Table I

t

Correlations of Weight Judgements and

2 Lifting-Movement Variables

Lift Variable ~° Mean r £ (13)
Max imum Height ' » -.03 -
Max imum Velocity -.15 . 3.67%%
Max imum Accelerdtion / -.15 3.67%%
Maxiﬁum Deceleration -.10 é.61*’
J .
’ ’ ( * p<.05
¥% p<.01
Table II

Mean Values of Lifting-Movement Variables

for Extreme Judgements

Lift Variable Small-Heavy Large-Light t 2%3)

Maximum . 4.8 : 4.9 ’ S
Height (cm) . )

Maximum 12.7 14,1 4,06%%*
Velocity (cm/sec) ‘ . Cs N

Max imum 5 98. 114,  3.60%%
Acceleration (cm/sec®) :

Max imum * 5 52. 59. C2.12
Deceleration .(ecm/sec”) ; :

¥% p<.01



Larger values for these variables occur for lighter
judgements, This finding corresponds ¢losely to the results

found by C. M. Davis and Roberts (1976).

-

In order to makera closer comparison of these results
with those of the pEeVious Studies which used the
paired-éomparison,method, extremeQéroup analyses were aiso
done for both 1ifting movements a;d EMGs. For each subject,
thé small can trials in ﬁhe upper quartile of all judgemenks
~for small cans wére compared to the large can trials in the.
lower quartile of judgements for large cans. To avoid having
to afbitrarily select fromia number of trials given the sahe
judgement, ?he cutoff was set at that judgement level nearest
the quartile division. |

Table IT presehts the éverage values-for_these~same lift
Qariables when the extreme judgement groups are considered.

The results are essentially the same, éxcept that maximum
deceleration is not significant at the .05 level. .Figure 2
shows the acceleration and velocity records averaged for all

14 subjects. . -

The mean acceleration values in Table II are of particular
interest because they provide -an estimate of the amount of

force exerted in lifting. The mass of each can plus the 1lift
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SMALL-HEAVY | LARGECLIGHT

ACCELERATION 50
cm/sec?

5 sec

VELOCITY . 5
cm/sec

Figure 2. Acceleration and velocity averages.



35

transducer device was equivalent to 562 gms, so a force of’
557,000 dynes was required just to support the can. 'The
acceleration values in Table Il .correspond to additional forces
of approximately 56,QOO and 6HtOOO dynes for small and larée

" cans, respectively, or 10.0% and 11.6% of 557,000 dynes. It
should also be noted that the difference in the maximum éotal
force exerted on large and small cans is only about 1.5% of

the total.

- ‘ -
For all trials the maximal® acceleration occurred shortly

after the beginning of the 1ift at an average of 55 msec for
both large and small cans.

-

EMGs w .

Figure 3 presents.the'grand average fotr all 14 subjecﬁs
of the rectified and averaged flexor and extensor EMGs for the:
two exfreme groups Qf‘trials. The averages for each‘spbjegt
were re-scaled prior to averaging in order ﬁo equalize
differences in the amplifier gain used. No major differences

are detectable in thése plots.

As a means of investigating very small differences in the
EMGs, the averages for the two groups of trials for.eacﬁ

o y
sub ject were subtracted and the differences integrated from
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F. FLEXOR
SMALL - HEAVY
50 WV
5 sec .
LARGE - LIGHT
F. EXTENSOR

SN

SMALL- HEAVY

5 sec

LARGE - LIGHT _

A

Figure 3. Rectified, averaged EMG.




the start of the sampling period (.8 sec before the 1ift).
Figure M’presents'these integrated differences for each of fhe‘
14 subjects and both f. flexor and f. extensor derivations.
Greater EMG amplitude for the large can group of trials
corrésponds to .an upward deflection'in“the plots. The most
onious feature of these plots is that, up to the 1ift, the f.
extensor EMGs were greater for the large can trials for 13 of
the 14 subjects. The single subject exhibiting contradictory
data is SW, Whése weight judgements shown in Figure 1 show
decreasing estimétes byerrthé course of the session. This
resulted in the small--heavy group of trials coming
predominantly from the first part of the’session, while thé
large--light trials were taken from the later trials. -The
integrated differences feor the f. flexors plotted in Figure R
are less consistent, but there is a trend towards 1dwer
amplitudes for the large can trials.
X

"In order to evaluate fhese impressions the pre-lift
period was divided into two intervals, one 100 msec interval
just before the 1ift, and an earlier interval including the

first 700 msec of the samplihg period. Table III presents the

Pearson .correlatign of weight estimate and mean EMG amplitude

o

for both of these intervals as well as the total 800 msec
sampled prior to the 1ift. A negative correlation indicates

that greater EMG activity is related to lighter judgements.
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F. FLEXOR
-,
Bl e I e
\&\‘%’“ AW AV
Npat '
. LA ~ . R
2 PV -sec \

5 sec

F. EXTENSOR

1 pV-sec

Figure 4. 1Integrated EMG differences (large minus small).
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Table III
Correlations of'Weight Judgements

and Pre-Lift EMG

Pre-LLift Interval Mean r £ (13)

-100 msec to 1ift
T

f. flexor -.,04 ) 1.24

f. extensor -.07 : dﬁ/f.89

~800 msec to lift

f. flexor .07 1.51
.09 2., 60%
.10 ' 2.00
-.09 ' 2.67% -
*‘p<;05



4o .

The correlation éf edrlyﬁf. extensor amplitddes and”Weight is
found to be statistically significant at the .05 level. Table
IV presents the mean EMG levels for the extreme groups of
trialé. The t values are negative Qhen the mean amplitude

for the large can trials is smaller thén that for the éﬁall
can trials. The results of this énalysis are similar to the
previous correlations ekcept that early f. extensor activity

is found to be .significantly smaller for the large can lifts.



Table IV

-

Pre-Lift EMG fdr Extreme Judgements

Mean Rectified EMG (microvolts)

) ,
Pre-Lift Interval Small-Heavy Large-Light t (13)
-100 msee to lift

| f.‘flexor 91 93 .49
f. extensor 30 32 2.12

-800 msec to lifﬁ 7
f. flexor 09 46 _2.62%
f. extensor - 23 25 2.75%

-800 msec to -100 msec
f. flexor 43 © 39 c=2.86%

f. extensor 22 24 2.67%

¥ p<.05
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DISCUSSION .
Weight perception is a complex, process, '"complex" in the
sense of hé;ing multiple sources of vafiability. The present

stLdy attempted to relate variance in the judgements of
objectively equal weights to two measures of the efferent
expression of thisvprocess: lifting movements”and precursory

muscle tension.

Lifting movements were found to be related to perceived
heaviness in the manner predicted by Martin and Miiller (1899)
and as demonstrated by C. M. Davis and Roberts (1976). Muller
and Schumann's deséription of how an object "In die Luft
Fliegens" corresponds to the more quantitative presentvfinding
of greater acceleration and velocity in the lifting of large
cans subsequently judged to be light. The evidence presented
here, closely cbnfirming the results of C. M. Davis and
Roberts (1976), indicates that speed of lifting can be
considered as one of the factors most clearly involved in the

SWI.

The question of why it is that larger objects are lifted
faster than smaller objects has not been a major concern of
the present research, but the reshlts of this experiment

possibly have some bearing on those theories of the SWI wﬁich



deal with this question. Many of the proposed gxplanations of
the SWI hold that ag individual has an expectation that a.
larger object is heavier, and there{ore applies greater

strength in 1lifting it (e.g. McClosky, 1974; Ross,.1969; early

studies reviewed in Huang, 1945a). The various explanations
differ on what is meant 'by "expectation.” Flournoy{@&ﬁQM,

cited in Huang, 1945a) postulated a hereditary disposition by
which an unconscious cerebral impulse adjusts itself
automatically to~the'probab%e weight of an object, deterﬁined
by, among other factors, the visible volume. Other writers
have’suggested that the tendency to 1ift larger objects with
greater muscular exertion is the result of the empirical
association of size and weight built up by past experience in
handling objects (e.g. Miller & Schumann, 1889). What should
be,emphasizeq, however, is that "expectation," as used iﬁ %his
context, does not denote what is commonly meant by this term,
i.e., a consciously formulated'prediction regarding some
future event. Indeed, it éan be inferred from the
well-documented persistence of the SWI (e1g.; Thouless, 1931b)
that the experience of the illusion does notnrequire the
obsérver to maintain a prediction about the relative weights
of large and small objects. If this was necessary, after
making the first_judgemént that a larger object is lighter,
the SWI should be reversed when the same objec;s‘are judged

again. In the present research, subjects were familiarized
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with the eight cans during the initial,practice session in
which they ail experienced thé SWI. In the following session,
‘the subsequent repeaﬁed estimatioﬁs for the same eight cans
continued to exhibit the SWI, as shown in Figure T. At the
end of the experiment most of the subject; were questioned
dirbctly about what they believed the actual weights of the
caﬁs to be.  All the replies indicated that most of tﬁe small
"cans were remembered as being Heavier th;n most\Of the largé

cans.

Further evidence that the SWI depends on immediate
sensory data rather than conscious know;edge comes from
experiments such as the one done by Koséleff (1957), referred
to earlier, in which the perceived weighﬁ'of an object held in
thevhand was found to change in the direction consistent with
the‘SWI when the object.was viewed through a lénse. Another
experiment (Huang, 1945a) has shown that when the éubject is
told the size of the object lifted, buf visual and
tacto-kinesthetic cues are eliminated, the illusion is very
mugh reduced. Finally, the weight illusions produced by
experimental ma;ipulation of either the force required to.
grasp the weights (McClosky, 1974) or the speed with which -

: p

they are 1ifted (C. M. Davis, Taylor, & Brickett, 1977) cannot

be explained with reference to "expectation."”
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Although conscious, verbalizable "expecﬁ@£ion" is not,
therefore,.the determining factor in weight iilusifz§4 it is
neverfheless an empirical fact that constant errors in’weight
judgement do occur for objectively equ?}»weights that differ
on some othér.physical dimension (e.g. volume, or material),
which, for most common objects, is correlated with weight and
could*usuaily be usea'to predict weight; In sdme unknown
manner these various visualiand tactile éues presented by aﬁ,
object are integrated into a plan of action for lifting the
object, as exemplified by the influence of size on lifting

movements found in this study.

When the size of an object is not related to its actual
weight this influencé of size cues on lifting mqvements‘has a
detrimental effect on weight perception and the SWi occurs.

In our everyday lives, howeqer,-theﬂmore common situation is
that the weight of an object is diréctly related to its size. _
When this is.the'qése, the expenditure of more exertioh’in |
lifting larger objécts of greater weight will Eheréfore result
in 1lifting movements that are kinematically similar. Roberﬁé'
(1974) found that there w;s no signgficant difference in

" acceleration for £he samerlarge and small cans as'used in the
present study whenvthe weight of the»large,can w@f increased

to 705 gms, and after sub jects had had practice 13fting the

cans. This finding, and other evidence, led Roberts to
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suggest that there is a relative constancy initheuacceleration
with ‘'which common dbjects are lifted, but that this conStanc&.
breaks down and the SWI bdcurs when an object'éésize is Ly
un;elatéd to its weight. This statemént, of course,
)éompletely‘poincides with MlUller add Shumann's original
proposition of the motor theory of w?ight perception.
N

Given that the»size cues presented by an object are ié
some way iﬁfegrated into a pian of action for 1lifting the
object, the other maj§r concern of the bresent research
iﬁvolved how this pldn is put into action. More specifically,
what are the events in the liftihé muséulature that occur |
prior to-the lift and are related to subsequent weight
judgément? Any interpretation of this prépératory muscular
activity mgst also consider the biomechanical aspebts of the

lifting task as well as the dynamics of the succeeding lifting

movements.

In regard to the latter, analysis of the accelerative
forces revealed that the force required to 1ift thehcqh at
max imum acceleration was only 10-12 percént‘moﬁe fﬁanvthe
force required gust to suppo;t the can. This ébnsider;tion
does argué for the importance of the myécle activity precedihg
the 1ift for any investigakion of the périphéhaf\vespohses
involved in weight peréeﬁtion Since approximately 90% of the
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max imum force exerted in lifting builds up before the start of

b -
s

the 1ift.

The other ;eleVant;aspect of this analysis is that the
difference in the force exerted on large and small cans is
only about ﬁ.5% of the total. With such a small differencg in

force, there is no reason to expect to €ind a large differ nce

3

in“pre-lift EMG if muscle activ;ty is *gj}'a function of the
maximum force to be exerted dhring the i&gt.
‘ ] A

Another consideration for this_discussion whﬁéh should be
emphéSized is that, in the method used~for'this expériment,
~all EﬁGs were sampled with respect to the start of thé lift,
at which time the vertical force exerted on each can had .to Be
Just slightiy in excess of 557,000 dynes "in ordef to raise the
;can at that point: This factor, together with the small
difference in maximum force, would predicst that EMG amplitudes
should be similar for all trials near theAtime of the start of
£he lift.  For thé 100-msec-to-1ift inter&a% there is not a
statistically significant®difference or correlation for either
muscle groups. However,lboth f. flexors and f. extensors tend
to show greater activity for larée cans judged to be lighter.

o

- ,
If reliable, this effect could be explained as increased
3

antagonistic functioning of the two muscle groups resulting in.

no net change in force.
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For the differept pattern of flexor "and extenso? muséle
activiéy occurring earlier before the 1ift, the intérpretation
-suégested here .involves the specific aspects of the particular
lifting task used for this study. 'Sﬁbjecﬁs'lifted cans using
wrist flexion, but they‘ﬁere required to keep.their ﬁalm and
fingers straight. <Cohpafed to the hand at rest, this position
requires Sontréction of thé extehsor muscles to produce
extension at'the-metécargophalangeal and the proximal
interphéléngeal joints. The amount of szcle activity
requirea for this task is indicated in Figure 3. The increase
in extensor activity into the pdurse of the 1ift when the
wrist is flexing reflects the fact that for this three—join@
system (including the wrist),.increased extensor ténsion is'
neéessary to prevent the fingefs from curling when a 1oad is

supported at the middle phalanges.

The finding of greater extensor activity Qccurring prior
to the exertion of greater flexor force during the lift is.
bonsiSQeﬁt with the consideration above, as well as thg(
additional instructions given the subjects to not exert any
upward force.on the can hgndle before:actually 1ifting the
can. This relationship of early extenso;‘EMG and subsequent
lifting performance couldlrepresent preparatpry muscle

activity, or "efferent readiness," specifically adapted to the

particular lifting task.
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Further speéulation on these Lesulés would be premature
at this time, particularly because of 'the biomechanical
icomplexity of the lifting task, together'with the
over-simplifications made in the bresent sﬁudy in,regard o]
both the recording and the theoretical analysis of £he various
ifunctioniﬁgs of the numerous forearm muscles réferred to here
as "flexors" and ﬁextensors." The conclusion drawn—from the

I

results of this study and other rgigarch is that the motor
theory of weight perception presents an adequate description
of tﬁe iifting movements found generally to be related to the
SWI, but thatnpreparatory muscle allivity must be intérpreted
in relétion tomthg specific aspezts of the particular 1if£ing
task. This last statement is based primarily on a compari;on

of the presedt results with those of the previous study by-C. -

M. Davis and Brickett (in press).

In that study forearm flexor EMG wés-found to have a
different pattern of activity over the time&ﬁQ&rval éampled.
Possible reasons for these differentvreéults include the
reaction-time nature of the lifting task as well as the method
of fecording EMGé with respect to the signal lights as opposed
to the start of the 1ift. Preparatory muécle activity related
to the SWI was found to occur in both of theselStudies;rbut

=4

the form of the activity found differed.



Constént errors in perception! such as the SWI, as Qell-
as most other illusions, ére interesting not so much for their
own sake,’but because they can permit a‘betteriﬁnderspgnding
of the normal functioning of perceptual mechanisms. The
)preéeptual process involved in thekSWI ineludes the
integration of sensory visuél information‘into.the Structpring
of efferent commands for lifting as well as thé evaluation of
the resulting kinesthetic and .proprioceptive feedback:' The

present investigation has been concerned with a small part of

;
‘this process, the effer@pt activity. .
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