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Abstract

It has been argued that observers perceive actors’ affordances via embodied simulation, that is, first perceiving their own
affordance, which serves as a model for the actor’s affordance, and then adjusting that model to account for differences between
themselves and the actor. If so, then preventing observers from picking up information about their own affordances should cause
several effects. Specifically, observers should make more errors about the actor’s affordance compared to when the observer is
free to pick up information about their own affordance. In addition, judgments about the actor’s affordance should align better
with the observer’s affordance than with the actor’s affordance, and increase in error as differences between the observer’s and
actor’s affordances increase. The present study tested those predictions. To do so, observers (participants) made judgments about
the farthest distance that an actor (a confederate) could reach. The observer’s arms were either free to move or were immobilized
by having the participant hold them behind their back. The present results did not support the predictions. The present research
introduces a novel means for evaluating the Embodied Simulation Hypothesis, provides initial tests of related predictions, and
corroborates prior research. In addition, it motivates important questions about embodied simulation and affordance perception.
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Introduction

An affordance is a relational property of an actor-environment
system that determines whether an action is possible (Gibson,
1979/1986; Stoffregen, 2003). For example, the relation
(affordance) between the distance a person can extend their
arm in front of them and the distance between that person and
an object determines whether that person can reach that object.

Gibson (1979/1986) argued people perceive affordances,
including those between another person and their environment
that determine whether that other person can perform certain
actions. Subsequent research demonstrated observers can per-
ceive whether actors can sit on something (Stoffregen,
Gorday, Sheng, & Flynn, 1999), step across a gap (Mark,
2007), climb something in a bipedal fashion (Mark, 2007),
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and reach something (Fischer, 2003; Ramenzoni, Riley,
Davis, Shockley, & Armstrong, 2008a; Ramenzoni, Riley,
Shockley, & Davis, 2008b, 2008c¢).

Some argue observers perceive actors’ affordances via em-
bodied simulation (Gallese & Sinigaglia, 2011). From this
perspective, an observer perceives an actor’s affordance by
first perceiving their own affordance, which serves as a model
for the actor’s affordance, and then adjusting that model to
account for observer-actor differences (Gallese & Sinigaglia,
2011). For example, to perceive whether an actor can reach
something, an observer would perceive their own reach, and
then adjust that model to account for observer-actor
differences.

Affordance perception via embodied simulation has empir-
ical support. For example, manipulating observers’
affordances influenced their judgments about actors’
affordances (Ramenzoni et al., 2008b). Observers estimated
the maximum height to which actors could jump to reach an
object, once without weights and again with weights attached
to their ankles that substantially reduced observers’ jumping
capabilities. Observers’ estimates were lower when observers
wore ankle weights compared to when observers did not,
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which suggests observers used their own affordances to model
the other person’s affordance.

In the present experiment, we sought converging evidence
for affordance perception via embodied simulation. We did so,
not by manipulating observers’ affordances (Ramenzoni et al.,
2008b), but by preventing observers from generating certain
kinds of information about their own affordances.

Gibson (1979/1986) argued people pick up information
about affordances. Consistent with that argument, preventing
people from picking up information about affordances caused
them to make more errors compared to when they were free to
pick up information (Jones & Widlus, in press; Mantel,
Stoffregen, Campbell, & Bardy, 2015; Mark, Balliett,
Craver, Douglas, & Fox, 1990). For example, Jones and
Widlus (in press) demonstrated preventing people from mov-
ing their arms, which reveals arm length information (Turvey
& Carello, 2011), led people to make more erroneous judg-
ments about whether they could reach something compared to
when they were free to move their arms. This was true even
though they had substantial reaching experience, which sug-
gests people pick up information about their affordances each
time they perform a given action (Mark et al., 1990).

Such results provide a novel way to test for affordance
perception via embodied simulation. If an observer uses
their own affordance as a model for an actor’s affordance,
then preventing the observer from picking up information
about their own affordance should cause them to make
more errors about the actor’s affordance compared to when
the observer is free to pick up information about their own
affordance.

The present experiment tested that possibility. Observers
(participants) made judgments about the farthest distance that
an actor (a confederate) could reach. The participant’s arms
were either free to move (Unrestricted Condition) or
immobilized by having the participant hold them behind their
back (Restricted Condition). If an observer uses their own
affordance as a model for an actor’s affordance, then
preventing an observer from moving their arms should cause
them to make significantly more errors about an actor’s reach
compared to when the observer is free to move their arms.

The present experiment also tested two other predictions. If
an observer uses their own reach as a model for an actor’s
reach, then their judgments about the actor’s reach should
(1) align significantly better with the observer’s reach than
with the actor’s reach, and (2) significantly increase in error
as differences between the observer’s and actor’s reaches in-
crease. The former reflects that an observer should be better at
determining their own reach than adjusting knowledge about
their reach to account for differences between them and the
actor. The latter reflects that observers who perceive others’
affordances via embodied simulation should be less capable of
judging others’ affordances when they differ from the ob-
servers’ affordances (Fischer, 2003; Ramenzoni et al., 2008a).
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To our knowledge, advocates of the Embodied Simulation
Hypothesis have not proposed these predictions. However,
they are logically consistent with standard accounts of the
hypothesis (Gallese & Sinigaglia, 2011).

Method
Participants

Thirty-four students participated (20 females; 31 right-hand-
ed). Their ages ranged from 18-22 years (M = 19.21, SD =
1.09), their shoulder heights, measured from the acromion
process on their dominant shoulder, ranged from 1,284.7—
1,602.3 mm (M = 1402.06, SD = 84.68), and their actual
maximum reaches ranged from 924.6-1,183.6 mm (M =
1060.11, SD = 67.03). All received course credit.

Confederate

The confederate was a 22-year-old female who was free from
motor impairments and right-handed. Her dominant shoulder
height was 1,327 mm, and her actual maximum reach was
964 mm.

Experimental design

A within-subjects design was employed. The independent var-
iable was Observer Arm Movement. Participants made judg-
ments about the confederate’s reach while participants’ arms
were free to move (Unrestricted Condition) or immobilized by
grasping their non-dominant wrist with their dominant hand
behind their backs (Restricted Condition). Condition order
was counterbalanced. The confederate’s arm movements were
unrestricted. The dependent variable was the distance between
the confederate’s clavicle and the to-be-reached object once
participants were satisfied the confederate was positioned as
far away from the hanging object as she could possibly be
while still being able to grasp it with her dominant hand, with
both feet touching the ground and without falling over, or
hitting the object so that it swung back to her. Those distances
served as the basis for several different measures, which are
detailed in the Results section.

Apparatus

Testing occurred in a 4.57 m x 4.27 m room; black curtains
covered its walls. A cardboard cylinder (height = 9.53 cm,
diameter = 3.18 cm) with a retroreflective marker (diameter
= 2.54 cm) protruding from its top was suspended vertically
(height = 1327 mm; the height of the confederate’s dominant
shoulder) by a thin white string at the room’s rear corner,
perpendicular to and 1.83 m away from each of the connecting
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walls. That cylinder was the to-be-reached object for judgment
trials, and when determining the participants’ and confeder-
ate’s actual maximum reach distances.

The participant’s and confederate’s movements were re-
corded using an eight-camera optical motion capture system,
which sampled at 100 Hz (Software: Nexus 1.8; Cameras:
MX T10, Vicon Motion Systems, Oxford, UK). The partici-
pant and confederate each wore a jacket, to which retroreflec-
tive markers (1.70 cm in diameter) were placed in accordance
with Vicon’s guidebook (Vicon, ND). The confederate also
wore a cap with markers on its brim and apex. The motion
capture system was used to position the participant and con-
federate before each trial, and record perceived and actual
maximum reach distances.

Procedure

This research complied with the American Psychological
Association Code of Ethics. Texas Tech University’s
Institutional Review Board approved the research protocol.

Testing lasted approximately 1.5 h. Before participants ar-
rived, the confederate donned her motion capture jacket and
cap, and removed her shoes.

Before entering the testing room, the participant provided
informed consent, donned their motion capture jacket, and
removed their shoes. The participant entered the testing room;
the to-be-reached object was not visible. The experimenter
used the motion capture system to record the participant’s
dominant shoulder height. The participant then left the testing
room, at which time the experimenter hung the to-be-reached
object. The participant then began their first condition.
Condition order was counterbalanced.

Unrestricted condition Participants were told they would
make judgments about the confederate’s maximum reach by
verbally directing the confederate to move toward or away
from the to-be-reached object until the confederate was posi-
tioned at what the participant perceived to be the confederate’s
maximum reach distance. Participants were told to stand nor-
mally with their arms by their sides; they were not told to
move their own arms during trials. The experimenter (not
the confederate) then demonstrated a maximum reach, and
explained that no one would perform a maximum reach during
the experiment’s judgment phase.

Participants were then told they would make judgments
from different locations, the experimenter would reposition
the participant and confederate after each trial, and partici-
pants would be positioned first. Participants were also told
to keep their eyes closed while being positioned, and to per-
form the task as quickly as possible and without overthinking
it (Heft, 1993).

Participants then completed a practice trial; participants
were not told this was practice. Data from practice trials were

not analyzed. The experimenter positioned the participant at a
location that was 609.6 mm (2 ft) from, to the left of, and
perpendicular to the midpoint between where the confederate
would stand and the to-be-reached object (Fig. 1). The exper-
imenter then positioned the confederate. This location was
used for every practice trial. Next, the participant was
instructed to open their eyes, pivot towards the midpoint be-
tween the confederate and the object, and begin directing the
confederate. The participant directed the confederate until the
participant was satisfied. The confederate’s arms swung freely
by her sides and moved when she did. Participants’ arms also
swung freely by their sides. The distance between the confed-
erate and the to-be-reached object was then recorded.
Afterward, the experimenter corrected misunderstandings.

Participants then completed nine experimental trials. For
each, the confederate was placed at a unique starting location,
which varied to reduce the likelihood the participant would
memorize the number of steps needed to direct the confederate
to her maximum reach distance. To determine the nine con-
federate starting locations, different starting distances from
each of the following ranges: 2.54-60.96 cm, 63.50—121.92
cm, 124.46-182.88 cm, and different starting angles, from
each of the following ranges: 0-29°, 30-59°, 60-89°, were
randomly selected and paired without replacement. In total,
three random distances from each of the three distance ranges
(nine total distances) were randomly selected and paired with
three random angles from each of the three angle ranges (nine
total angles) to make nine unique angle/distance combina-
tions. Starting distance and angle combinations were balanced
to avoid the possibility that participants would be positioned
at, for example, only close distances or extreme angles. All
experimental trials were identical to the practice trial, other
than the confederate’s starting locations and sometimes the
positioning of the participant relative to the confederate. The
participant was positioned to the confederate’s right when po-
sitioning them to the confederate’s left would place them too
close to the motion camera equipment. After completing all
trials, participants exited the testing room.

Fig. 1 A depiction of the relative position of an observer and the
confederate at the beginning of a trial in the Restricted Condition. The
dotted lines are provided here to highlight that the observer was
positioned at the mid-point between the object and actor; they were not
present during testing
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Restricted condition Data collection in the Restricted
Condition was identical to that in the Unrestricted
Condition, except participants kept their arms behind their
backs until the condition was complete. After completing all
trials, participants left the testing room.

Maximum reach measurement After completing both condi-
tions, the experimenter adjusted the height of the object to the
participant’s dominant shoulder height. The participant then
re-entered the testing room and the experimenter re-explained
the maximum reach definition. The participant positioned
themselves at what they believed to be their maximum reach
distance and attempted to reach the object. After successes, the
experimenter instructed the participant to move away from the
object; after failures, the experimenter instructed the partici-
pant to move closer to it. This process was repeated until the
experimenter recorded a successful maximum reach that was
within 12.7 mm (.5 in.) or less from the longest failed reach
attempt. The distance between the participant and the to-be-
reached object was recorded, and was considered the partici-
pant’s maximum reach distance.

Results
Outlier analyses

Judgments were converted into four measures. Each was sub-
jected to an outlier analysis, which followed Stevens (2009)
recommendations. Two outliers were identified and
winsorized. Winsorized and non-winsorized results were
comparable.

Analytic approach

Three t-tests were conducted. To control inflation of Type I
error, those tests were designated a family, and family-wise
alpha was maintained at .05 via a Bonferroni correction (Kirk,
1995). Each t-test was evaluated against a per comparison
alpha of .05/3 = .017. One-tailed tests were employed because
all predictions were directional (Kirk, 1995). All tests were
conducted using IBM SPSS 25.

Did restricting arm movements increase judgment
error?

Prediction If observers’ judgments of the confederate’s
reaching capabilities were based on observers’ capabilities,
then arm restriction should significantly increase judgment
error.

Dependent variable Absolute Judgment Errorcgpfederae Was
the percentage of absolute error between the participant’s
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judgment of the confederate’s maximum reach and the con-
federate’s actual maximum reach (| (judged maximum dis-
tance confederate could reach / actual maximum distance con-
federate could reach) — 1]) * 100. Removing the sign prevents
over- and underestimations from cancelling one another when
data were averaged, which would incorrectly suggest partici-
pants were accurate. Within each experimental condition,
Absolute Judgment Errorcopfederate Was averaged across trials
to produce a mean Absolute Judgment Errorconfoderate fOr €ach
participant.

Statistical test A one-tailed paired-samples t-test evaluated
whether mean Absolute Judgment Errorconfederate 10 the
Unrestricted Condition (M = 18.31%, SD = 12.13%) was less
than Absolute Judgment Errorconfederate in the Restricted
Condition (M = 16.32%, SD = 11.01%). That t-test was not
statistically significant, #33) = 1.694, p = .950, which sug-
gests arm restriction did not significantly increase judgment
error (Fig. 2). The reported p-value was computed as 1-.05
(the one-tailed probability ordinarily reported for £1.694) be-
cause the observed mean difference was positive whereas the
one-tailed t-test could only detect negative mean differences
(Cohen, 2013). It is unlikely that this outcome reflects low
statistical power because the observed mean difference was
in the opposite direction from what was predicted.

Did judgments align better with observers’
or the confederate’s capabilities?

Prediction If observers’ judgments of the confederate’s
reaching capabilities were based on observers’ capabilities,
observers’ judgments should align with observers’ capabilities
better than with the confederate’s. If so, judgment error com-
puted as a function of the observers’ capabilities, Absolute
Judgment Errorpagicipant; should be significantly less than
Absolute Judgment Errorconfederate-

20 T

Average % Absolute Error
)

Unrestricted Restricted
Exploration
Fig. 2 Comparison of Absolute Judgment Errorconfederate i the

Unrestricted and Restricted Conditions. Error bars represent +1 standard
error units
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Dependent variable Absolute Judgment Errorp,icipant Was the
percentage of absolute error between the participant’s judg-
ment of the confederate’s maximum reach and the partici-
pant’s actual maximum reach (| (judged maximum distance
confederate could reach / actual maximum distance participant
could reach) — 1|) * 100. Within each experimental condition,
Absolute Judgment Errorpicipant Was averaged across trials to
produce a mean Absolute Judgment Errorpagicipant for €ach
participant. Those values were then averaged across condi-
tions because the preceding analysis failed to reveal a statisti-
cally significant difference between the Unrestricted and
Restricted Conditions.

Statistical test A one-tailed single-sample t-test evaluated
whether mean Absolute Judgment Errorpaicipant (M =
21.47%, SD = 10.58%) was less than the grand mean of
Absolute Judgment Errorcongederate (M = 17.32%). That t-test
was not statistically significant, #(33) = 2.288, p = .985, which
suggests observers’ judgments did not align with observers’
capabilities better than with the confederate’s. The reported p-
value was computed as 1—.014 (the one-tailed probability or-
dinarily reported for £2.288) because the observed mean dif-
ference was positive whereas the one-tailed t-test could only
detect negative mean differences (Cohen, 2013). It is unlikely
that this outcome reflects low statistical power because the
observed mean difference was in the opposite direction from
what was predicted, and the test would have been statistically
significant had a positive mean difference been predicted.

Did judgment error correlate with the degree
of dissimilarity between observers’
and the confederate’s capabilities?

Prediction If observers’ judgments of the confederate’s reach
were based on observers’ reaches, then as observers’ reaches
diverge from the confederate’s, observers’ reaches should in-
creasingly become a poor means of estimating the confeder-
ate’s reach, which should result in a corresponding increase in
judgment error. In that case, judgment error computed as a
function of the confederate’s reach, Absolute Judgment
Errorconfederates Should significantly and positively correlate
with a measure of how dissimilar the observers’ and confed-
erate’s reaches were, Participant-Confederate Reach
Dissimilarity.

Dependent variable Participant-Confederate Reach
Dissimilarity was the absolute ratio between the maximum
distance participants could reach and the maximum distance
the confederate could reach (|(actual maximum distance par-
ticipant could reach / actual maximum distance confederate
could reach) — 1|) * 100. Absolute Judgment Errorconfederates
collapsed across the Unrestricted and Restricted Conditions,
was also employed.

Statistical test A one-tailed t-test evaluated whether a sta-
tistically significant positive correlation between Absolute
Judgment Errorconfederate @and Participant-Confederate
Reach Dissimilarity occurred. That t-test was not statisti-
cally significant, #(32) = -2.469, p = .99, which suggests
Absolute Judgment Errorconfeqerate did not positively cor-
relate with Participant-Confederate Reach Dissimilarity
(Fig. 3). The reported p-value was computed as 1-.010
(the one-tailed probability ordinarily reported for +2.469)
because the observed correlation was negative (» = -0.40)
whereas the one-tailed t-test could only detect positive
correlations (Cohen, 2013). It is unlikely this outcome
reflects low statistical power because the correlation was
in the opposite direction from what was predicted, and the
test would have been statistically significant had a nega-
tive correlation been predicted.

Discussion

The present experiment evaluated three predictions derived
from the Embodied Simulation Hypothesis: (1) Preventing
participants from generating certain kinds of information
about their reach capabilities should significantly increase
judgment error compared to when participants were free to
generate information, (2) observers’ judgments should align
with observers’ capabilities significantly better than with the
confederate’s, and (3) judgment error should significantly and
positively correlate with the degree of dissimilarity between
observers’ and the confederate’s capabilities. The present re-
sults did not support any of those predictions.

It is unlikely that our failure to support the predictions was
due to low statistical power. Observed effects were in the
opposite directions from what was predicted, and two of the
three tests would have been statistically significant had we
evaluated effects in the opposite direction from what was
predicted.

40
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Participant-Confederate Reach Dissimilarity

% Absolute Judgment ErrorConfederale

Fig. 3 Relationship between Absolute Judgment Errorconfederate @and
Participant-Confederate Reach Dissimilarity
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Contributions

The lack of statistically significant effects prevents definitive
claims regarding our predictions. Nevertheless, the present
research makes several important contributions.

First, it introduces a novel means for evaluating the
Embodied Simulation Hypothesis, provides initial tests of re-
lated predictions, and corroborates Fischer (2003), who tested
a variant of our third prediction. Based on the Embodied
Simulation Hypothesis, Fischer predicted a positive correla-
tion between absolute judgment error and observers’ height
(Experiments 1 and 2) and arm length (Experiment 3) when
observers judged a short actor, and a negative correlation be-
tween those variables when observers judged a tall actor.
Fischer failed to find consistent evidence for the predicted
correlations, which is consistent with the present results.

Second, it motivates questions about embodied simulation.
For example, what role does information pick-up play in em-
bodied simulation? The predictions tested in the present exper-
iment are logically consistent with standard accounts of the
Embodied Simulation Hypothesis (Gallese & Sinigaglia,
2011). However, they presume information pick-up plays a role
in embodied simulation. To our knowledge, advocates of the
Embodied Simulation Hypothesis have not explained how in-
formation pick-up relates to embodied simulation. Thus, the
present research motivates refinement of that hypothesis.
Further, what factors influence whether people perceive others’
affordances via embodied simulation? Creem-Regehr, Gagnon,
Geuss, and Stefanucci (2013) argued observers base judgments
about an actor’s affordance on the actor’s affordance when
there is sufficient information about the actor’s affordance and
on the observer’s affordance (embodied simulation) when there
is insufficient information about the actor’s affordance, which
might explain why certain studies find support for embodied
simulation (Ramenzoni et al., 2008b) and others (the present
experiment) fail to support embodied simulation. Addressing
that issue will require an understanding of what information is
necessary and sufficient to perceive an actor’s affordances.
Relevant information may vary between body-scaled and
action-scaled affordances, which are largely determined by re-
lations between the actor’s body dimensions or kinematics and
the environment, respectively (Fajen, Riley, & Turvey, 2009).

Third, it motivates questions about whether people pick up
the same information when perceiving their own or others’
affordances. Jones and Widlus (in press) found observers
made more erroneous judgments about whether they could
reach something when their arms were restricted compared
to when they were not. Mark (2007) argued observers can
perceive actors’ affordances because observers pick up the
same information actors pick up when actors perceive their
own affordances. If so, then observers should make more er-
roneous judgments about whether an actor could reach some-
thing when observers’ arms were restricted compared to when
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they are not. However, the present results failed to support that
possibility. That suggests how one picks up information about
one’s own affordances might differ from how one picks up
information about others’ affordances. In other words, it sug-
gests observers might not perceive actors’ affordances by
picking up the same information actors pick up when actors
perceive their own affordances.

Future research

A useful follow-up experiment would fully cross judgment
type (observers judge own affordances vs. observers judge
actors’ affordances), arm restriction (observers’ arms unre-
stricted vs. restricted), and actor information (information
about actors’ affordances present vs. absent). That would af-
ford more definitive tests of our predictions because replicat-
ing the contrasting results reported in Jones and Widlus (in
press) and the present experiment would result in a significant
interaction between judgment type and arm restriction. In ad-
dition, it would evaluate whether that interaction depends on
the available information about the actor (Creem-Regehr
etal., 2013).

Open practices statement

This experiment was not preregistered. Data from the experi-
ment reported here can be downloaded from the Texas Tech
University Dataverse: doi:10.18738/T8/EY3NFE.
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