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The purpose of these studies was to examine whether or not there is a size-weight
illusion when participants lift containers as a team. In Experiment 1, teams of par-
ticipants lifted a set of 16 containers that varied in mass and size and reported their
perceptions of heaviness and volume. In Experiment 2, participants lifted the
same containers individually. A size-weight illusion was demonstrated in each
experiment: Reports of perceived heaviness decreased substantially as the volumes
of the containers increased for both styles of lifting. However, both the magnitude
of the illusion and mean perceived heaviness were greater in the team lift. Actual or
potential applications of this research include the development of safe lifting
guidelines for team lifting. l

INTRODUCTION

Lifters perceive larger objects to be lighter
than smaller objects of the same mass. This
phenomenon is commonly known as the size-
weight illusion and has been studied extensively
since the work of Charpentier (1891). Although
most investigations of the size-weight illusion
are psychophysical studies limited to the effect
of volume on verbal reports of heaviness (see
review in Jones, 1986), researchers have also
investigated its role in manual lifting (e.g.,
Ciriello & Snook, 1983). These latter findings
are important because any decrease in perceived
heaviness accompanying larger boxes could lead
the lifter to exceed the limits of safety (parti-
cularly in an industrial lifting situation). The
size-weight illusion has not, however, been doc-
umented when containers are lifted using a com-
mon strategy with heavy containers, the team
lift. The present studies explore the psycho-
physics of this illusion by comparing the effects
of volume on perceived heaviness when partic-
ipants lift containers as a team with those same
effects when participants lift containers indi-
vidually.

Perceived Heaviness and the Size-Weight

Illusion

Any time that an object or container is lifted,
the lifter has an impression of its heaviness.

This perception is the basis for verbal reports of
heaviness in a psychophysical experiment and
the basis for decisions about whether and how
to lift the object in the real world (see Karwow-
ski et al., 1999). Numerous psychophysical
experiments have shown that the perception of
heaviness is a function of mass and size - that
is, the perception is subject to the size-weight
illusion (Jones, 1986). The magnitude of this
effect can be substantial. An increase in volume
alone can produce up to a 50% decrease in
perceived heaviness (Stevens & Rubin, 1970),
despite the fact that larger objects are generally
heavier and more unwieldy. Furthermore, nei-
ther training nor cognitive effort is sufficient to
eliminate the illusion (Flournoy, 1894).

Research has shown that the size-weight
illusion exists in almost all individuals who are
capable of lifting. Most experimental demonstra-
tions have involved healthy adult participants.
However, a size-weight illusion has also been
shown in children between the ages of 2 and 16
years (Kloos & Amazeen, 2002; Pick & Pick,
1967; Robinson, 1964). These children, particu-
larly the very young children, have substantially
less experience with the influence of volume on
manipulability than do adults, yet the illusion is
still present. On the other end of the spectrum,
this illusion has also been demonstrated with
male and female industrial workers, who should
have substantially greater experience with the
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effects of mass and volume on perceived heavi-
ness (Ciriello & Snook, 1983).

The present studies investigate the psycho-
physics of the size-weight illusion in a novel
style of lifting: team lifting. This illusion has
already been documented in many types of lift-
ing conditions. In most demonstrations of the
size-weight illusion, participants are able to
grasp and view the object as it is being lifted.
Under these circumstances, the participant has
both visual and tactual information about the
object's volume. However, the illusion has also
been demonstrated when participants grasp the
stimulus without vision (e.g., Amazeen & Jarrett,
2003; Ellis & Lederman, 1993). Similarly, the
illusion has been demonstrated when partici-
pants are allowed to view the volume of the
stimulus but not to grasp it. This is accom-
plished by having participants lift the stimulus
using a handle (Amazeen, 1997, 1999) or a
string (with pulleys, Masin & Crestoni, 1988;
without pulleys, Ellis & Lederman, 1993). All
that is necessary to generate an effect of volume
on perceived heaviness is to present information
(visual or tactual) about volume concurrent with
the lift. In fact, the illusion has been demon-
strated when the actual volume of the stimulus
did not change but visual or tactual information
suggested that it did (Amazeen & Turvey, 1996;
Dresslar, 1894; Koseleff, 1957).

The Size-Weight Illusion in Industrial Lifting
Tasks

The fact that the size-weight illusion is pre-
sent in so many circumstances suggests that it
may play a role when individuals lift heavy con-
tainers in an industrial lifting situation. In fact,
research has shown that the size-weight illusion
exists across the entire range of manageable
containers. It has been demonstrated for stimuli
that are as light and small as 20.0 g and 37.0 cc
(Oberle & Amazeen, 2003) and as heavy and
large as 24 kg and 40 000 cc (Luczak & Ge,
1989). On the basis of their results, Luczak and
Ge concluded that volume is an important com-
ponent in industrial lifting tasks. Luczak and Ge
had participants report their perceptions of heav-
iness using a magnitude estimation procedure
with a known standard (the same method used in
the present studies). Nevertheless, their conclu-
sion is consistent with previous studies (Ayoub,

Mital, Bakken, Asfour, & Bathea, 1980; Ciri-
ello & Snook, 1983; Garg & Badger, 1986; Garg
& Saxena, 1980; Mital & Fard, 1986; Snook,
1978) and subsequent (Ciriello & Snook, 1999;
Ciriello, Snook, & Hughes, 1993; Snook
& Ciriello, 1991; Wu, 1997; Wu & Chen, 2001)
investigating the role of container size on the
maximum acceptable weight of lift. In all of
these studies, changes in the volume or shape
of the container produced changes in the max-
imum acceptable weight of lift, although the
direction of the effect was not the same across
studies (see Amazeen, 1997, and Luczak & Ge
for discussions).

Lifters experiencing a size-weight illusion
could be subject to increased risk for injury.
This is because any illusory decrease in per-
ceived heaviness may cause the lifter to believe
erroneously that greater masses are manageable.
This effect becomes more significant when one
takes into consideration the lifter's biomechan-
ical disadvantage when lifting large containers.
As a result, both the National Institute for Oc-
cupational Safety and Health and the Liberty
Mutual standards for safe lifting include the size
of the container (see Potvin & Bent, 1997). In
each case, the maximum acceptable weight for
lift is revised downward for containers of in-
creased size. These guidelines, though, are de-
signed specifically for individual lifters. Precise
safety guidelines do not exist for team lifting,
despite the fact that it is a common strategy for
lifting large or heavy loads (see Dennis & Bar-
rett, 2002). Furthermore, the research that has
been done on team lifting has not yet addressed
the influence of container volume on either the
perception of heaviness or the maximum ac-
ceptable weight for lifting.

Overview

The present studies address the question of
whether or not there is a size-weight illusion in
team lifting. If the size-weight illusion exists,
then it will suggest that volume should play a
role in determining load acceptability for this
type of lift, as it does in individual lifting. In
Experiment 1, teams of participants lifted a set
of containers that varied in both mass and vol-
ume and reported their perceptions of heaviness
and volume. These results will be compared with
those of Experiment 2, in which participants

350 Summer 2004 - Human Factors



SIZE-WIH ILUSO 351 ------

individually lifted the same stimuli and reported
their perceptions using the same method.

EXPERIMENT 1

In Experiment 1, we tested the hypothesis
that the size-weight illusion exists in a team lift.
Two participants at a time lifted a series of boxes
and reported their perceptions of heaviness and
volume using a magnitude estimation paradigm.
If the size-weight illusion exists in this type of
lift, then the larger boxes should be perceived as
lighter than smaller boxes with the same mass.

Method

Participants. Sixteen pairs of students (15
men, 17 women) at Arizona State University par-
ticipated in this study as a means of fulfilling a
research requirement in an Introduction to Psy-
chology course. All participants reported that
they had no physical conditions or problems
with their muscles, joints, or any other parts of
the body that might affect their ability to lift the
boxes safely or to report their perceptions of
heaviness and volume.

Apparatus. The stimuli were 16 square card-
board boxes that would commonly be used for
postage or storage. All of the boxes were white
and had no identifying marks on them. Within
the 16 stimuli, there were four levels of volume
(103 143, 183, and 223 cubic inches; or 16 387.06,

44 966.10, 95 569.36, and 174 489.46 cc) and
four levels of mass (3, 8, 18, and 30 pounds;
or 1.36, 3.63, 8.16, and 13.60 kg). The manip-
ulations of mass were achieved by filling each
box with bags of sand layered between sheets
of Styrofoam. Care was taken to ensure that the
mass was distributed evenly throughout the vol-
ume of each box. An additional box of identi-
cal appearance (mass = 14 pounds, or 6.35 kg;
volume = 163 cubic inches, or 67 121.41 cc) was
used as the standard against which the perceived
heaviness and volume of the 16 stimuli would
be compared.

Procedure. A curtain was hung from the ceil-
ing to the floor in the middle of the room. All
of the experimental stimuli were kept behind the
curtain and hidden from the participants' view
for the entire session. The standard was kept on
the participants' side of the curtain. The partici-
pants were instructed to estimate both the heav-

iness and volume of a set of boxes by lifting
each box in tandem with their partner. Instead
of reporting heaviness and volume on an extrin-
sic scale, such as grams or cubic centimeters,
the participants rated their perceptions of each
box relative to a standard box, which was given
an arbitrary mass and volume of 100 (no units).
At the start of each trial, the participants lifted
the standard box to familiarize (or refamiliar-
ize) themselves with its heaviness and volume.
Following that, the participants lifted the stimu-
lus box, which was slid under the curtain by the
experimenter. The participants were instructed
to rate the heaviness and volume of each stim-
ulus box relative to the standard. For instance,
if the stimulus felt heavier or larger than the
standard, then they would assign it a number
proportionately greater than 100. Similarly, if
the stimulus felt lighter or smaller than the
standard, then they would assign it a number
proportionately smaller than 100.

This method of magnitude estimation with a
standard is a common psychophysical technique
(Coren, Ward, & Enns, 2004) that has been
used successfully in the study of weight percep-
tion and the size-weight illusion (e.g., Amazeen,
1999; Ellis & Lederman, 1993). (See Karwow-
ski et al., 1999, for additional methods to assess
the perceived limits of safety in similar lifting
tasks.) To avoid any bias attributable to social
pressure, the participants were prohibited from
communicating with each other regarding their
perceptions. Participants reported their percep-
tions by writing them on a piece of paper that
was given to the experimenter. Each of the 16
stimuli was presented to the participants twice
in random order, for a total of 32 trials. There
were no time limits. Reports of perceived heav-
iness and volume were averaged across the two
trials per condition.

Results

The mean heaviness data for all of the stim-
uli as a function of mass and volume are shown
in Figure 1. These data were analyzed using a
within-groups analysis of variance (ANOVA).
There were significant main effects of both
mass and volume. As the mass of the stimuli
increased from 3 to 30 pounds (1.36-13.60
kg), the reports of perceived heaviness, relative
to the standard, increased from 23.2 to 210.46,
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Figure 1. Perceived heaviness as a function of mass and volume during a team lift. (Metric equivalents for the
mass and volume of the stimuli are identified in the text.)

F(3, 93) = 89.3, p < .001. As the volume of the
stimuli increased from 103 to 223 cubic inches
(16 387.06-174 489.46 cc), the reports of per-
ceived heaviness decreased from 143.94 to
85.66, F(3, 93) = 51.72, p < .001. This 40%
drop in perceived heaviness accompanying an
increase in volume is consistent with previous
demonstrations of the size-weight illusion (e.g.,
Stevens & Rubin, 1970). Participants lifting box-
es in tandem experience a size-weight illusion.
In addition to the two main effects, there was an
interaction of mass and volume, indicating that
the effects of volume on perceived heaviness
were greater for the heavier stimuli, F(9, 279) =
4.76, p < .001. This, however, reflects only the
fact that the mean drop in perceived heaviness
was larger for heavier containers. When the
drop in perceived heaviness was calculated as

a percentage decrease, it went from a 57% drop
in perceived heaviness for the 3-pound (1.36-
kg) containers to a 33% drop for the 30-pound
(13.60-kg) containers.

The mean perceived volume data for all of the
stimuli as a function of mass and volume were
analyzed using a within-groups ANOVA. The
only significant effect was the main effect of
volume. As the volume of the stimuli increased
from 103 to 223 cubic inches (16 387.06-
174 489.46 cc), the reports of perceived volume
increased from 34.12 to 184.67, F(3, 93) =
188.86, p < .001. Neither the main effect of
mass nor the interaction of mass and volume
were significant, both ps > .05. Participants
clearly recognized the variations in the sizes of
the stimuli and based their reports solely on the
geometric dimensions of the stimuli.
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Discussion

In Experiment 1, teams of participants (two
at a time) lifted a set of 16 stimuli that varied
in both mass and volume and reported their
perceptions of heaviness and volume. As the
volume of the containers increased, the percep-
tions of heaviness decreased. The size-weight
illusion exists in a team lift. This occurs despite
the following facts: each participant was han-
dling only a portion of the container, each par-
ticipant was responsible for lifting only a portion
of the total load, there was an additional hori-
zontal force component caused by to the pull
from the other team member (Dennis & Barrett,
2002), and there were significant changes in
the kinematics of lifting when lifting as a team
(Marras, Davis, Kirking, & Granata, 1999). The
size-weight illusion, then, is clearly not a function
of any biomechanical or psychological process
specific to an individual lift. Rather, it appears
that the size-weight illusion was present because
the lifters had information indicating that the
volumes of the containers varied.

Consistent with the results of previous psy-
chophysical studies, the magnitude of the illu-
sion in the present experiment was substantial.
Across all levels of mass, the increase in volume
resulted in a 40% decrease in perceived heavi-
ness. Considering the masses associated with
different perceived categories of safety report-
ed by Genaidy et al. (1998, Table 6), a 40%
decrease in perceived weight would generally
represent a shift across a category boundary to
a category of greater perceived safety. A pair of
individuals lifting a very heavy container, then,
could seriously underestimate the weight of
that container and make potentially dangerous
decisions about whether and how they should
proceed. Given the wide use of team lifting for
heavy or large containers by military, health
care, manufacturing, and construction workers
(reviewed in Dennis & Barrett, 2002), such mis-
judgments could be common. For individual
lifting, a great deal of effort has been devoted to
developing safety guidelines that include a con-
sideration of container size in determining load
acceptability (Potvin & Bent, 1997). However,
such scientific efforts have not been made
for team lifting (Dennis & Barett). The pres-
ence and magnitude of the illusion in the pre-

sent experiment suggest a need for such ef-
forts.

EXPERIMENT 2

In Experiment 2, individual participants lift-
ed the same set of stimuli used in Experiment 1
and reported their perceptions of heaviness and
volume. The size-weight illusion has been report-
ed previously for stimuli of similar dimensions
lifted in the same manner (Luczak & Ge, 1989).
The purpose of this experiment is to establish
the effects of mass and volume on perceptions
of heaviness and volume during an individual
lift for the same stimuli as in Experiment 1 in
order to compare the effects across lifting styles.

Method

Participants. Sixteen students (8 men, 8 wo-
men) at Arizona State University participated
in this study as a means of fulfilling a research
requirement in an Introduction to Psychology
course. All participants reported that they had
no physical conditions or problems with their
muscles, joints, or any other parts of the body
that might affect their ability to lift the boxes
safely or to report their perceptions of heaviness
and volume.

Apparatus. The stimuli and the standard were
the same square white cardboard boxes filled
with sand and Styrofoam that were used in Ex-
periment 1.

Procedure. The procedure was identical to the
procedure used in Experiment I with the excep-
tion that participants reported their perceptions
of heaviness and volume to the experimenter
verbally. Each of the 16 stimuli was presented to
the participants twice in random order for a total
of 32 trials. Reports of perceived heaviness and
volume were averaged across the two trials per
condition.

Results

The mean heaviness data for all of the stim-
uli as a function of mass and volume are shown
in Figure 2. Overall, the reports of perceived
heaviness were lower for the individual lifts than
they were for the team lifts in Experiment 1.
The data were analyzed using a within-groups
ANOVA. There were significant main effects of
both mass and volume on perceived heaviness.
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Figure 2. Perceived heaviness as a function of mass and volume during an individual lift. (Metric equivalents
for the mass and volume of the stimuli are identified in the text.)

As the mass of the stimuli increased from 3 to
30 pounds (1.36-13.60 kg), the reports of per-
ceived heaviness increased from 16.55 to 188.05,
F(3, 45) = 54.52, p < .001. Although the re-

ports of perceived heaviness in this experiment
were lower, the ratio of perceived heaviness re-
ports for the 30-pound (13.60-kg) stimuli to the
3-pound (1.36-kg) stimuli, 11.36, was greater
than the ratio from Experiment 1, 9.07. Partici-
pants appear more sensitive to variations in
mass when they lift the stimuli individually. As
the volume of the stimuli increased from 103
to 223 cubic inches (16 387.06-174 489.46 cc),
the reports of perceived heaviness decreased
from 112.73 to 82.47, F(3, 45) = 16.11, p <
.001. This 27% decrease in perceived heaviness
is consistent with the size-weight illusion.

As expected, participants lifting these stimuli
individually experienced a size-weight illusion.

The strength of this illusion, though, when mea-
sured as a percentage decrease in perceived
heaviness, was lower during the individual lift.
The interaction of mass and volume was not
significant, F(9, 135) = 1.34, p > .2. However,
when the decrease in perceived heaviness was
calculated as a percentage drop, it went from a
61% drop in perceived heaviness for the 3-
pound (1.36-kg) containers to a 17% drop for
the 30-pound (13.60-kg) containers.

The mean perceived volume data for all of
the stimuli as a function of mass and volume
were analyzed using a within-groups ANOVA.
As in Experiment 1, the only effect that was
significant was the main effect of volume. As
the volume of the stimuli increased from 103

to 223 cubic inches (16 387.06-174 489.46 cc),
the reports of perceived volume increased from
31.58 to 202.58, F(3, 45) = 66.89, p < .001.

200 f

LU

z

wL
0:
in
wi
UL
w)
a-

100

0

Summer 2004 - Human Factors354

103



SIEWIH ILSO 5

Neither the main effect of mass nor the inter-
action of mass and volume were significant,
both ps > .3. Participants clearly recognized the
variations in the sizes of the stimuli and based
their reports solely on the geometric dimensions
of the stimuli.

GENERAL DISCUSSION

The main purpose of these studies was to de-
termine whether the size-weight illusion would
be present in a team lift. The results of Exper-
iment 1 showed that there is a size-weight il-
lusion when containers are lifted using this
strategy., These results were similar to those of
Experiment 2, in which the size-weight illusion
was present when participants lifted the same
containers individually. Whether lifted by an
individual or a team, larger containers are per-
ceived to be substantially lighter than smaller
containers of the same mass. This decrease in
perceived heaviness may also correspond to a
substantial increase in perceived safety (e.g.,
Genaidy et al., 1998).

Perceived Heaviness and Team Lifting

A notable difference between the results of
the two experiments is that the mean heaviness
judgments were greater in the team lifting con-
dition than they were in the individual lifting
condition. This effect is counterintuitive because
the participant is responsible for providing verti-
cal support for only a portion of the total mass.
If their reports of heaviness reflected only the
amount of mass that they were supporting, then
these reports should be substantially lower in the
team lifting condition. In the team lift, though,
members support more than just their portion
of the vertical force. Members are also pulling
the load toward themselves, resulting in an ad-
ditional horizontal force that must be balanced
by the other member of the team (Dennis &
Barrett, 2002). Under these circumstances, a
given container may feel less wieldy and would,
therefore, be given a higher rating for heaviness.
Stating that the container is heavier may be
another way of saying that it is difficult to lift,
support, and control (see Amazeen, 1997; Bing-
ham, Schmidt, & Rosenblum, 1989; Genaidy et
al., 1998; and Turvey, Shockley, & Carello, 1999,
for similar conclusions). This increase in per-
ceived heaviness may help to explain why the

lifting capacity of a team is consistently less than
the sum of the individuals' lifting capacities
(Karwowski, 1988; iKarwowski & Mital, 1986;
Karwowski & Pongpatanasuegsa, 1988; Rice,
Sharp, Nindle, & Bills, 1995; Sharp, Rice, Nindle,
& Mello, 1995), unless the lifters are the same
height (Johnson & Lewis, 1989).

A second difference across the two experi-
ments is that the magnitude of the illusion was
not the same across styles of lifting. The effect
of volume on perceived heaviness was greater
in the team lifting condition than in the indi-
vidual lifting condition. This difference may be
related to the fact that the magnitude of the
illusion decreases as the mass of the containers
increases. In both experiments, the percentage
drop in perceived heaviness as a function of an
increase in volume was smallest for the heaviest
containers. Such a decrease in illusion magni-
tude has been identified previously and has been
associated with specific changes in the slope and
intercept of the psychophysical function relating
perceived heaviness to volume across levels of
mass (Stevens & Rubin, 1970). Stevens and Ru-
bin suggested that this effect was related to the
range of masses that one found manageable:
The illusion should be strongest in the middle of
this range and decrease toward the upper and
lower ends. With their increased lifting capacity,
the team lifters would find the heavier containers
to be more toward the middle of their acceptable
range than would the individual lifters. This may
have caused the lifters to experience a greater
magnitude of illusion.

Conclusions

Although there were notable differences in
mean perceived heaviness and the magnitude
of the illusion, both team lifters and individual
lifters experienced a size-weight illusion. Larger
containers were perceived to be lighter than
smaller containers. Not only did the team lifters
experience an illusion, they experienced a
stronger illusion than did the individual lifters.
One could expect, then, that the lifters - in par-
ticular the team lifters - would perceive the larg-
er containers to be safer to lift. These results
highlight the need for additional scientific
evidence to develop safe lifting guidelines, proce-
dures, and educational programs for both team
and individual lifters (Dennis & Barrett, 2002).
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