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REPORT

Experience Influences Affordance Perception for Low
Crawling Under Barriers With Altered Body Dimensions

Shaziela Ishaka, Adam B. Assoianb, and Steve Rincona

aSchool of Social Science and Human Services, Ramapo College of New Jersey; bDepartment of
Psychology, Marywood University

ABSTRACT
We examined the role of experience in affordance perception for
low crawling with altered body dimensions under barriers of differ-
ent heights. Adults decided which of five backpacks (10–30 cm thick)
they would be able to wear while low crawling under barriers.
Participants were assigned to one of three experience conditions.
Participants in the Pre/Post-choice experience condition crawled
under the barrier before and after picking a backpack, participants in
the Feedback condition crawled under the barrier after picking a
backpack, but participants in the No Experience condition received
no low-crawling experience. Past research suggests that pre-choice
experience with low crawling under the barrier would lead to more
accurate responses. Overall, participants in all three conditions scaled
the height of the backpack to the barrier height. Pre-choice low-
crawling experience strongly influenced backpack choices such that
participants in the Pre/Post condition picked significantly smaller
backpacks and produced fewer failures than participants in the other
conditions. The results provide evidence that brief practice, in an
unfamiliar posture, can lead to improvements in afford-
ance perception.

KEYWORDS
decision making; load
carriage;
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According to Gibson’s (1979) ecological approach, affordances are possibilities for
action that depend on the match between the body and environmental conditions.
Individuals must recognize that changes to either the body or the environment may
alter the affordance relationship—actions that were once possible may now be impos-
sible. For instance, wearing a bulky winter coat or carrying large boxes limits which
sized doorways one can safely pass through. To avoid mishaps and make adaptive deci-
sions one must adjust their actions to account for new affordances. Perceptual informa-
tion gleaned from proprioception and visual and tactile exploration can be used to
inform motor decisions. Moreover, several lines of research show that experience ena-
bles individuals to make accurate decisions that match the limits of their abilities. The
current study expands the literature on affordance perception by examining the role of
experience in a different locomotor posture, specifically, low crawling under barriers
while wearing a backpack.
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One well-studied paradigm in affordance research is the task of fitting through aper-
tures of different sizes. Building on Warren and Whang’s (1987) classic walking through
apertures study, researchers have tested infants, toddlers, adults, pregnant women, and
wheelchair users (e.g., Franchak & Adolph, 2012; 2014b; Higuchi, Cinelli, Greig, &
Patla, 2006; Stefanucci & Geuss, 2010; van der Meer, 1997). Navigating through aper-
tures is an ideal task because both sides of the affordance relationship are clearly repre-
sented and changes in either must be detected in order to safely pass through.
Furthermore, researchers can easily manipulate the environment by altering the size,
shape, pathway, material composition, or orientation, etc., of the to-be-fit opening.
Researchers can manipulate the body in a variety of ways such as affixing objects to
individuals, asking them to hold objects, and having them navigate vehicles, etc.
Wearing a backpack is a common way to alter body dimensions and change affordan-

ces. Depending on the size and position, a backpack shifts the wearer’s center of mass,
expands their physical dimensions and weight, and involves an additional expenditure
of energy to maintain balance and continue movement. Wearers may also incorporate
dynamic information about strength, compressibility, and flexibility like they do with
other actions (Ishak, Adolph, & Lin, 2008; Konczak, Meeuwson, & Cress, 1992).
Successfully fitting through doorways, crowded hallways, and congested classrooms with
a backpack requires taking into account both the person and backpack’s dimensions.
The problem is not trivial because visual information about the backpack and the per-
son’s body become limited once the backpack is on the back. Furthermore, propriocep-
tion may not provide enough information since the size and weight of the load do not
provide consistent data because a light load can be large and bulky or small and com-
pact. Backpacks can be compressed depending on the composition and position of
the load.
Failure to recalibrate decisions to new affordances can lead to erroneous decisions.

Backpack wearers typically compensate for the added burden by tilting their bodies
away from the load, (Bloom & Woodhull-McNeal, 1987; Goh, Thambyah, & Bose, 1998;
Vacheron, Poumarat, Chandezon, & Vanneuville, 1999), taking slower and shorter steps
(Schwebel, Pitts, & Stavrinos, 2009), and having longer periods of double support
(Wang, Pascoe, & Weimar, 2001). Several studies suggest that wearing a backpack influ-
ences adults’ perception of slant and distance (Bhalla & Proffitt, 1999; Proffitt,
Stefanucci, Banton, & Epstein, 2003) and is linked to unsafe road crossing behaviors
(Schwebel et al., 2009).

Navigating through openings with altered body dimensions

Trying to navigate through openings with altered body dimensions, such as a backpack,
poses an interesting problem for motor control. According to Wagman and Taylor
(2005) individuals must treat changes in body dimensions, such as wearing an object, as
an extension of the body. They must recognize that the dimensions of the objects may
constrain which openings they can get through. Recalibration to changes in affordances
prevents injury, frustration, and property damage. To safely pass, the combined dimen-
sions must be smaller than the aperture. Furthermore, individuals’ strength, flexibility,

2 S. ISHAK ET AL.



and coordination, which are important determinants of affordances (Day, Wagman, &
Smith, 2015), may also change with altered body dimensions.
Many, but not all, of the studies that examined how adults cope with increased body

dimensions reveal that adults can quickly recalibrate their decisions to new affordances
and make accurate decisions. In one study, adults wore a glove that increased the width
of their hand by approximately 10% as they attempted to fit their hand through differ-
ent sized openings (Ishak et al., 2008). Although they sometimes erred and attempted
openings that were 0.50 to 1.00 cm too small, their actions shifted according to their
new hand dimensions. College students whose abdomens were increased by 15 cm via a
“pregnancy pack” also erred by a small margin of only 2 cm (Franchak & Adolph,
2014b). Another study, in which adults judged which barriers they could walk under
while wearing blocks on their feet or a helmet, found that adults closely matched barrier
heights to their new height (Stefanucci, & Geuss, 2010). However, firemen asked to esti-
mate the smallest apertures they could walk through and under while wearing bulky
firefighting gear overestimated the apertures they could walk through by 4 cm and
underestimated barriers they could go under by 15 cm (Petrucci, Horn, Rosengren, &
Hsiao-Wecksler, 2016).
Other experiments with hand-held objects and wheelchairs also show mixed findings

regarding affordance perception. For instance, several experiments with adults holding
T-shaped bars found that their decisions about whether they could fit through doorways
were sensitive to affordances (Higuchi et al., 2006; Wagman & Malek, 2007; Wagman &
Taylor, 2005). Furthermore, adults hit the sides of the apparatus when they walked
through apertures holding a horizontal bar and wearing shutter goggles (Muroi &
Higuchi, 2017). Two of the studies that examined adults’ affordance perception for
wheelchair passage showed that novice wheelchair users were likely to indicate they
could fit through doorways that were 8 cm too small for both rolling through (Yasuda,
Wagman, & Higuchi, 2014) and under (Stoffregen, Yang, Giveans, Flanagan, & Bardy,
2009). Additionally, adults most frequently collided with the apparatus while in a wheel-
chair compared to other conditions (Higuchi et al., 2006). However, Shaw, Flascher,
and Kadar (1995) found that adults correctly choose apertures that were 1.22 times the
width of the wheelchair as the smallest ones they could roll through.
Previous research shows that adults use a variety of strategies to account for increased

body dimensions. For example, adults increased their shoulder rotation when they
walked through apertures while wearing large shell-style shoulder pads used in
American football (Higuchi et al., 2011). Another study showed that adults turned side-
ways for apertures that were 1.3 times the size of a wide, hand-held tray rather than
their own body width (Hackney, Cinelli, & Frank, 2014). Additionally, they took slower,
more deliberate steps as they approached apertures while holding the tray. When navi-
gating in a wheelchair, adults move their head and torso (Stoffregen et al., 2009) pre-
sumably to attain information about the size of the wheelchair relative to the aperture.

Experience and navigating through openings with altered body dimensions

Several studies show conflicting results regarding the role of experience in fitting
through apertures with altered body dimensions. Specifically, adults’ estimates improved

ECOLOGICAL PSYCHOLOGY 3



by 10 cm compared to their initial estimates after they received practice walking through
doorways while wearing a pregnancy pack (Franchak & Adolph, 2014b). However all
experience is not equal, the type of experience seems to matter. For example, only those
who had their eyes open and either practiced squeezing through apertures or received
verbal feedback about whether they could squeeze through showed improved accuracy
from pre- to post-test estimates (Franchak, 2017). In contrast, adults in the same study
who squeezed through apertures with their eyes closed or were instructed to compress
the backpack itself did not accurately perceive affordances.
Franchak and Somoano (2018) confirmed that, for squeezing through apertures with

backpacks, adults recalibrated their judgments more closely to actual affordances when
they received verbal and physical feedback about both passable and impassable open-
ings. Receiving feedback about only impossible or only passable apertures was not suffi-
cient for adults to hone in on the limits of their abilities. Similarly, adults’ estimates for
the doorways they could walk through while holding a horizontal bar improved from
pre- to post-test only when they received practice with apertures closest to the size of
the bar (Yasuda et al., 2014). Moreover, recent research shows that practice with walk-
ing through apertures does not provide the same benefit to all adults. It only helped
those who had initially overestimated the apertures they could walk through without
turning (Du, Barnett, & Wilmut, 2016).
Studies with novice wheelchair users estimating which openings they could fit

through while in a wheelchair show mixed findings as well. For instance, after two
minutes of self-propelled practice either moving in a wheelchair or rolling under bar-
riers adults made accurate estimates of the lowest barriers they could roll under
(Stoffregen et al., 2009; Yu & Stoffregen, 2012). But, adults who were passively wheeled
by an experimenter for the same amount of time were off by 10 cm for the lowest bar-
riers they could go under (Yu & Stoffregen, 2012). Likewise, adults given eight days of
experience maneuvering themselves in a wheelchair incorrectly estimated they would be
able to roll through openings about 8 cm smaller than the wheelchair (Higuchi, Takada,
Matsuura, & Imanaka, 2004). Despite receiving direct experience with wheeling through
a variety of apertures sizes, adults’ estimates did not show improvement (Yasuda et al.,
2014). In fact, adults who received only practice trials that were ±3 cm away from the
wheelchair’s width showed decreased accuracy on their post-test estimates. Thus, the
role of experience in aperture affordance perception under conditions of altered body
dimensions, especially in a novel skill, remains unclear, despite the variety of rich
research studies.

Current study

The primary aim of this study was to examine the role of experience in affordance per-
ception when body dimensions are altered. Specifically, the findings of this study will
help clarify how experience affects decisions about navigating apertures. As discussed
above, research studies using the aperture paradigm provide evidence, although not
overwhelming, that various types of experience can lead to aligning decisions to affor-
dances. Previous affordance research using other tasks provides some evidence that
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experience can improve affordance perception (e.g., Jacobs, Michaels, & Runeson, 2000;
Mark, Balliet, Craver, Douglas, & Fox, 1990; Wagman, 2012).
Many of the previous aperture studies tested participants using the most common

form of independent locomotion, walking, to examine affordances for fitting through
apertures. However, we sought to use a skill that was less common and would involve
different movements than walking. One reason for doing this, as suggested by
Franchak, van der Zalm, and Adolph (2010), is that walking is highly practiced and
experience may not be as beneficial as compared to a novel activity. Indeed, they found
that motor decisions for walking through apertures differed by only a few centimeters
between adults who did and did not receive practice. Thus, we asked adults to low crawl
under barriers of different heights. Because low crawling is a skill that adults may not
practice on a regular basis, providing them experience may make a larger impact on
their decisions. Moreover, asking individuals to low crawl under barriers would also
allow us to expand perception-action research to an unstudied locomotor posture.
Low crawling (also called belly, army, and commando crawling), often precedes both

hands-and-knees crawling and walking (Adolph, Vereijken, & Denny, 1998).
Maturational theorist Arnold Gesell (1949) described young infants’ low crawling as
“crawling on a groveling abdomen” within his twenty stages before the onset of inde-
pendent walking. It is also one of the maneuvers taught to military personnel and fea-
tures in physical fitness tests (U.S. Department of the Army, 2008). To low crawl, one
lays prone with the body touching the ground. Forward movement is generated by pull-
ing the body forward with the arms and pushing with the legs, while the stomach main-
tains contact with the ground. This position results in the body having a low silhouette
against the ground (U.S. Department of the Army, 2008). Low crawling involves a dif-
ferent viewpoint, coordination of different muscle groups, and maintaining a different
position than walking. For instance, being able to do more sit-ups and push-ups enables
one to low crawl faster (Frykman, Harman, & Pandorf, 2000) but that is unlikely to be
true of walking.
Participants’ task was to choose the largest backpack, from among five commercially

available ones, they thought they could wear to successfully low crawl under barriers of
different heights. The backpacks were similar in weight, but varied in thickness from 10
to 30 cm. In much of the previous work, changing adult’s body dimensions was accom-
plished by giving everyone an identical piece of equipment. For instance, in Ishak et al.
(2008), adults wore the same 1-cm glove on their pinky finger and in Yasuda et al.
(2014) all participants were given the same 66-cm wheelchair. They were not given
options because past work was interested in how adults reacted to their new body
dimensions. Practical considerations, such as study length and laboratory space, may
also limit presenting a variety of choices. Furthermore, using the same apparatus main-
tains experimental consistency across participants and researchers. However, doing so is
essentially using a one-size-fits all approach that ignores the potential for dispropor-
tional changes an item may place on different people. For example, a backpack that is
20 cm thick represents a 100% increase in sagittal width for someone with a 20 cm sagit-
tal width but represents only a 50% increase for someone with a sagittal width of 40 cm.
Thus, asking adults to choose their own backpack would allow them to tailor
their choices.
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To examine how experience relates to perception of affordances, we assigned par-
ticipants to either the Pre/Post-choice (PP) experience condition, Feedback condition,
or No Experience condition. Participants in the PP condition low crawled under bar-
riers immediately before picking a backpack and then low crawled wearing the back-
pack under the same barrier. Thus, they received both pre- and post-choice
experience. However, participants in the Feedback condition received low-crawling
experience only after they made the backpack choice by low crawling with the back-
pack on their back. Participants in the No Experience condition made their back-
pack choices without receiving any crawling experience. Adults in both the PP and
Feedback conditions could use haptic, proprioceptive, and visual information as they
low crawled under the barrier to inform their choices. The difference between the
conditions is the type of experience they received. Participants in the No Experience
condition could use visual information as the barriers and backpacks were not
hidden from view.
According to Franchak and Adolph (2014a), affordances should be considered as

probabilistic in nature due to variability in motor performance. They suggest that
assessing an individual’s affordance perception requires collection of the individuals’
task performance. Therefore, we indexed accuracy based on motor performance rather
than on biomechanical models. In contrast to past work, where adults only estimated
which openings they could fit through, we checked the accuracy of participants’ deci-
sions by having them don their chosen backpack and low crawl under the given barrier.
We analyzed whether there were differences between trial outcomes across the
conditions. Accordingly, we coded each trial outcome as an erroneous decision if the
backpack touched the barrier and a correct decision if it did not.
Consistent with previous research (e.g., Franchak et al., 2010), we collected body

dimensions to determine if there was a relationship between body dimensions and back-
pack choices. Although not empirically tested, it is likely that the widest part of the
body protruding in the sagittal plane constrains which barriers adults can fit under. We
also noted whether they looked at the backpacks and barriers as a measure of visual
exploration and analyzed how this related to their decisions and performance because
past research (e.g., Higuchi, Cinelli, & Patla, 2009; Muroi & Higuchi, 2017) shows that
visual information is critical for guiding actions adaptively.
Based on past findings, we expected that the different types of low-crawling experi-

ence would result in differences between the conditions. We hypothesized that the PP
group would choose the smallest backpacks, followed by the Feedback group, and the
No experience condition would choose the largest backpacks. Choosing smaller back-
packs would imply that the experience of low crawling before choosing a backpack
caused participants in the PP condition to adopt a conservative response criterion. In
line with previous work, we hypothesized that participants in the PP condition would
produce the fewest failures, followed by the Feedback group, and that the No
Experience group would have the most failures. Fewer errors in the PP condition than
in the other conditions would suggest that low-crawling experience prior to choosing a
backpack influenced decision making. Finally, we hypothesized that participants in the
PP condition would be least likely to look back at the apparatus, followed by the
Feedback condition, and that the No Experience group would be most likely to look

6 S. ISHAK ET AL.



back. The PP would be able to make their decision based on crawling experience rather
than having to search for additional visual information.

Method

Participants

Eighty-four undergraduate students (53 females, 31 males; Mage ¼ 20.17 years, range ¼
18.15 to 25.38 years) participated in the study to fulfill either a course requirement or
for extra credit in a psychology class. Data from four additional adults were excluded
from the analysis due to procedural errors. Participants reported their ethnicity as
White (n¼ 51), Asian (n¼ 7), Hispanic (n¼ 14), Black (n¼ 2), other (n¼ 6) and four
chose not to indicate their ethnicity. All students had normal or corrected-to-normal
vision. They were naïve to the hypotheses of the study, but were informed to wear
clothing suitable for exercise when they signed up to participate. Each person partici-
pated in either the Pre/Post experience (PP), Feedback, or No Experience condition. All
participants provided both verbal and written consent prior to the start of the study.
The protocol and consent form were approved by the Ramapo College IRB. Participants
in the No Experience condition were run approximately one year after the participants
in the other conditions.

Equipment

As shown in Figure 1, we constructed a height-adjustable apparatus using two PVC
pipes (89 cm tall x 4.80 cm diameter) and a flat wooden stick (0.64 cm diameter x
122 cm tall) to present participants with barriers of different heights. The height could
be adjusted in 2-cm increments (from 32 to 82 cm) by resting the bar on wooden dow-
els that were embedded into the PVC pipes. The width of the apparatus could be
adjusted from 0 to 112 cm by sliding the PVC pipes apart; however, the width of the
apparatus remained fixed at approximately 74 cm. Five identical, commercially available
backpacks (each 35 cm wide x 50 cm long) were placed strap side down 2.20m away

Figure 1. Participant low crawling under a barrier wearing a backpack.
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from the barrier. The five backpacks were stuffed with lightweight materials so that
each one was either 10, 15, 20, 25, or 30 cm thick (Mweight ¼ 1.17 kg, SD¼ 0.31). The
stuffing was arranged to prevent deformation of the backpacks.
Four video cameras recorded each session. One camera was placed at participants’ eye

level, facing the backpacks to record their backpack choice. Two additional cameras were
placed on either side of the backpacks to capture participants’ direction of gaze. Another
camera recorded a zoomed-in side view of the body as it passed under the barrier.

Body measurements

The experimenter measured shoulder width, shoulder depth, and height after explaining
the study (see Table 1). To ensure precise measurements, an anthropometer was used for
all of the measurements, except height. For shoulder width, each arm of the anthropome-
ter was placed at the tip of the right and left humerus, the widest point of the shoulders.
For depth, one arm of the anthropometer was placed on the scapular spine and the other
was placed on the participant’s chest, directly horizontal from the scapular spine. Each
body dimension was measured twice and the average was used in the study.

Barrier heights

The experimenter used participants’ shoulder depth to determine the barrier heights for
the session. There was always at least one hypothetically correct backpack that partici-
pants could wear to successfully low crawl under the barrier. We used the formula:
Backpack Heightþ Shoulder Depth þ 6 cm buffer. A buffer of 6 cm was included
because pilot testing revealed that participants’ bodies bobbed up and down as they low
crawled. This formula resulted in barrier heights that were 16, 21, 26, 31, and 36 cm
larger that participants’ shoulder depth. They were presented with each height once
from among one of four possible orders. The first and last trials were always at 70 cm
because it was relatively easy to low crawl under and is similar to barrier heights used
in previous research describing how to low crawl (Frykman et al., 2000; Pandorf et al.,
2003). Participants received a total of seven trials.

Procedure

Before the start of the trials, an experimenter demonstrated how moving the wooden stick
changed the height of the apparatus. The experimenter then demonstrated how to low
crawl under a 70 cm barrier. Next, only participants in the Pre/Post (PP) and Feedback
conditions low crawled under the same barrier and the experimenter verbally corrected
their form, if necessary. They were all able to successfully low crawl under the 70 cm bar-
rier with their stomach touching the ground. The experimenter pointed at the backpacks

Table 1. Participants’ mean body dimensions.
Weight (kg) Height (cm) Width (cm) Depth (cm)

Pre/Post Experience 64.40 (12.14) 168.42 (10.96) 41.22 (3.44) 18.43 (3.11)
Feedback Experience 67.51 (13.20) 169.54 (8.68) 43.29 (3.70) 20.11 (2.93)
No Experience 68.02 (11.55) 161.30 (16.86) 46.87 (21.24) 20.71 (2.40)

Note. SDs indicated in parentheses.
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and told participants, “Choose the largest backpack that you think you can wear on your
back and low crawl under the barrier without the bag touching the barrier.”
Between trials, all participants faced away from the apparatus while the experimenter

adjusted the height. Once, the experimenter said “Go,” they turned around to face the
apparatus. For each trial, after participants in the PP group turned around, they first
low crawled under the given barrier, made their backpack choice, put on the backpack,
and low crawled back under the barrier to the other side. However, after participants in
the Feedback condition turned to face the apparatus, they first put on the largest back-
pack they thought they could successfully low crawl with given the current barrier
height. Then, they low crawled under the barrier while wearing the backpack. After par-
ticipants in these conditions low crawled with the backpack, they removed it and the
experimenter returned the backpack to its original location. Once participants in the No
Experience condition turned around, they pointed to their backpack choice for each
barrier height. Once all of the trials were completed, they also put on their backpack
choice for each barrier and then low crawled under the barrier to check for accuracy.
Participants were not told that they could state that none of the backpacks would fit.
Each experimental session lasted approximately 30minutes.

Coding scheme

All of the sessions were coded from video using Datavyu (www.datavyu.org), a
computer program that allows coders to indicate timing and occurrence of events.
We coded backpack choice as the backpack that participants decided was the largest
one they could wear to low crawl under the given barrier. If participants indicated that
none of the backpacks would fit, their backpack choice was coded as a 0. Trial outcome
was coded when participants low crawled under a barrier wearing a backpack. It was
either coded as a success (crawled without backpack touching barrier), failure (backpack
touched or knocked down barrier), or refusal (participant said that all of the backpacks
were too large or they could not fit with any of backpacks). We scored participants’ vis-
ual exploration for each trial from video as a “yes” if the participant looked back and
forth at the barrier and backpacks at least once prior to picking a backpack.

Data analysis

Backpack choices

Trials at the 70 cm barrier height were not included in any of the analyses. We first
examined whether there were differences between experiential conditions by conducting
a repeated-measures ANOVA on the backpack size chosen at each barrier height
with condition as the between-subjects variable. All significant main effects and interac-
tions were followed up by post-hoc Tukey’s HSD tests. Statistical significance was set at
p < .05 level. We also correlated mean backpack height chosen and barrier height as an
additional analysis of whether participants scaled their backpack choices to the barrier
height. Additionally, we correlated body dimensions with mean backpack chosen for
each condition. The extent to which participants’ body dimensions correlated to the size
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of the backpack chosen indicated whether participants took their body dimensions
into account.
Next, we examined whether participants matched their backpack choice to a hypo-

thetically correct one by calculating a matching score for each trial. For example, if the
hypothetically correct bag for the given barrier was 15 cm and a participant chose the
20 cm bag, they were given a matching score of þ1 for the trial; if a participant chose
the 10 cm bag then their matching score for that trial was �1, etc. Positive numbers
indicate liberal choices and negative numbers indicate conservative choices.
We also performed separate chi-square tests on the percentage of trials that were

categorized as liberal, matching, or conservative. To determine which experimental con-
ditions were different from each other, we conducted post-hoc analysis on the adjusted
residuals (after Beasley & Schumacker, 1995). We used a Bonferonni corrected alpha
level of .05/6 ¼ .008, which converts to a two-tailed critical value of z¼ 2.65. Therefore,
we considered adjusted residuals with absolute values larger than 2.65 significant.
Significant residuals indicated which combinations of condition and category type
tended to occur more or less than expected by chance.

Failure rates

In the next set of analyses we examined participants’ failure rates to determine whether
participants in one condition versus another were more likely to make accurate deci-
sions. Lower failure rates would indicate higher accuracy. We performed chi-square tests
on the percentage of participants that failed and the percentage of failure trials between
conditions. We used the same post-hoc analysis method as above to determine which
experimental conditions were different from each other. Significant residuals indicated
which condition had more or less failures than expected by chance.

Looking back

In the final set of analyses we determined whether there were differences between con-
ditions in visual exploration by analyzing the percent of trials that participants spent
looking back and forth at the backpacks and barrier using a chi-square analysis.

Results

Backpack choices

Figure 2 shows participants’ decisions by the proportion of trials in which participants
either picked a particular backpack or refused. Instead of maintaining a rigid strategy of
choosing the smallest 10-cm backpack, participants scaled their backpack choices to the
height of the barrier. Although all participants were given the same instructions to wear
the largest backpack, only participants in the PP group condition (n¼ 16) indicated at
least once that none of the backpacks would fit. All three groups tended to choose
larger backpacks for higher barriers and smaller backpacks for lower barriers.
A 5(Barrier Height) x 3(Condition) repeated measures ANOVA on the size of the back-
pack chosen showed main effects for barrier height, F(4,312) ¼ 190.32, p < .001, partial
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g2 ¼.71 and experimental condition, F(2,78) ¼ 14.93, p < .001, partial g2 ¼ .28. The
interaction between barrier height and condition was not significant, F(4,312) ¼ 0.77, p
>.05. A significant linear trend (F(1,78) ¼ 598.69, p < .001, partial g2 ¼.89) for barrier
height confirmed that backpack size increased with barrier height. Tukey’s HSD post-
hoc test showed that the PP group picked significantly smaller bags than the other
two groups.
Significant correlations between backpack size chosen and barrier height for each trial

provided additional evidence that participants picked larger backpacks for higher bar-
riers, (r(148) ¼ .75, p < .001 for the PP condition, r(148) ¼ .75, p < .001 for the
Feedback condition, and r(117) ¼ .75, p < .001 for the No Experience condition).
Using a Bonferonni corrected alpha of .05/6 ¼ .008, shoulder depth and shoulder width
significantly correlated with mean backpack chosen for the PP and Feedback conditions.
The correlation between depth and backpack size chosen was r(28) ¼ .54, p ¼ .002 for
the PP condition and r(28) ¼ .60, p ¼ .011 for the Feedback condition. The correlation
between width and backpack size chosen was r(28) ¼ .47, p ¼ .008 for the PP condition
and r(28) ¼ .47, p ¼ .009 for the Feedback condition. Neither of the variables signifi-
cantly correlated with mean backpack chosen for the No Experience condition.
A one-way ANOVA on participants’ mean matching score was significant, F(2,83) ¼

16.37, p < .001. Tukey’s post-hoc HSD test revealed that the PP group (Mscore ¼
�1.05) was more conservative than both the Feedback and No Experience groups,
(Mscore ¼ –.48 and –.13 for Feedback and No Experience group, respectively). In other
words, participants in the PP condition were likely to choose backpacks that were either
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Figure 2. Percentage of trials participants that picked each backpack or refused by each barrier
height for each condition.
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one or two sizes smaller than the hypothetically correct backpack, but participants in
the other conditions were likely to choose either the hypothetically correct backpack or
one size smaller.
Table 2 shows the percent of participants’ backpack choices for each trial categorized

as either liberal, conservative, or matching. All three v2 tests for each category were
significant, all ps < .001. The adjusted residuals indicated that the No Experience
condition resulted in a significantly higher percent of liberal trials and a significantly
lower percent of conservative trials compared to the other conditions. In contrast, the
PP condition resulted in a significantly lower percent of liberal and matching trials, but
a significantly higher percent of conservative trials.

Failure rates

A chi-square analysis on the percent of participants that failed at least once in each con-
dition showed a trend toward significance, v2(2, N¼ 84) ¼ 5.87, p < .053. In the PP
condition, 73.3% of participants, 93.3% in the Feedback condition, and 91.6% of the
participants in the No Experience failed at least once. However, a chi-square on the per-
cent of failure trials revealed a significant effect, v2(2, N¼ 417) ¼ 11.19, p < .004. The
adjusted residuals indicated that a significantly higher percentage of failure trials
occurred in No Experience condition (50.4%) than in the PP condition (30.4%) and
Feedback conditions (38.0%).
Participants’ failures in the PP and Feedback conditions were concentrated on the

lowest þ16-cm barrier, suggesting that they had the most difficulty crawling under it.
Over one-third (35.6%) of the PP conditions’ failures and 42.1% of the Feedback condi-
tions’ failures were on the þ16-cm barrier. However, most of the failures (33.3%) in the
No Experience condition occurred on the þ21-cm barrier. Participants’ failures in the
PP and Feedback conditions were also most frequent when they wore the smallest,
10-cm backpack, presumably because they were crawling under the lowest barriers.
Almost half of participants’ failures occurred when they wore the 10-cm backpack in
the PP (40.0%) and Feedback (42.1%) conditions. In contrast, participants in the No
Experience condition failed 36.7% of the time when they wore the 15-cm backpack.

Looking back

Participants were free to turn their heads to look back and forth at the barrier and
backpacks when deciding which backpack to wear. Overall, participants looked back on
59.4% of the trials at least once when making their decisions. A chi-square analysis
revealed a trend for the percent of trials that participants in each condition looked
back, v2(2, N¼ 374) ¼ 5.56, p < .06, (60% for PP condition; 51.8% for Feedback

Table 2. Categories of participants’ backpack choices.
Liberal Matching Conservative

Pre/Post Experience 4.0%� 22.3%� 73.7%�
Feedback Experience 12.7% 45.3% 42.0%
No Experience 26.9%� 39.5% 33.6%�
�Significant at adjusted alpha level of .05
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condition; 67.4% for No Experience condition.) There was no difference across the bar-
rier heights (approximately 20% for each barrier); they were just as likely to look back
for high versus low barriers. However, when they looked back they were more likely to
pick a smaller versus larger backpack. They choose the 10 cm backpack on 18.3% of
lookback trials, the 15 cm backpack on 31.1% of lookback trials, and the 20 cm backpack
on 27.9% of lookback trials. They picked either the 25 cm or 30 cm backpack, or refused
on the remaining 22.7% of trials.
Participants who looked back succeeded on 30.6% of trials, but participants also suc-

ceeded on 20.8% of trials when they did not look back. Looking back did not influence
participants’ likelihood of failing; they failed on 19.4% of trials when they looked back
and 14.8% of trials when they did not look back. However, participants seemed to use
visual information to guide their refusal decisions as they refused after looking back on
62.5% of refusal trials.

Discussion

This study examined how different experience conditions related to adults’ backpack
choices, failure rates, and looking behavior. Some participants low crawled under a bar-
rier just prior to choosing the largest backpack they thought would fit under it and
others low crawled after picking a backpack. The rest of the participants chose a back-
pack without first low crawling. We asked adults to low crawl, not walk, in order to
add information about a different locomotor posture to the perception-action and
affordance literatures. The findings supported our hypotheses that participants in the
Pre/Post condition would choose smaller backpacks and produce fewer failures. In this
discussion we highlight some of our findings and discuss the implications.

Backpack choices

All participants were given the same instructions to pick the largest backpack to safely
low crawl under the barrier. None of the participants used the strategy of wearing the
smallest backpack for every barrier, although they were free to do so. Instead, they
seemed to keep the instructions in mind as they made their choices. Across trials and
conditions, we found that participants used all five of the backpacks and sometimes
refused to pick a backpack. More important, they sought to align the backpack height
with the barrier height, meaning they picked thicker backpacks for higher barriers. They
always chose the largest, 30-cm backpack for the baseline 70-cm trials and frequently
chose the smallest 10 cm backpack for the lowest barriers. This shows that participants
maintained sensitivity to changes in affordances even when they were the ones to decide
how much to alter their body dimensions. Of course, this also reflects adherence to the
directions they were given. Nonetheless, they approached the task by scaling their selec-
tions according to affordances. Although previous research altered body dimensions in
other ways, we believe these results are consistent with those studies. For instance,
Wagman and Taylor (2005) asked adults to estimate whether T-shaped poles ranging in
width from 50–140 cm would fit through a 90-cm doorway. Participants’ likelihood of
saying that the pole would fit gradually increased with larger pole sizes.
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Participants’ decisions in the current study probably entailed not only the bag and
barrier heights, but also information about expectations of their own bodies and low-
crawling ability. Though there were many aspects to consider, participants took only a
few seconds to decide on each trial. This could be because they thought all of the neces-
sary information was readily available. We were particularly interested in whether per-
ceptual-motor information such as optic flow and proprioception generated by first
going under the barrier translated into differences between the experimental groups.
Similar to past studies in which experience was manipulated, there were differences in
several dependent measures between conditions in the current study (e.g., Franchak
et al., 2010; Franchak & Adolph, 2014b; Yasuda et al., 2014). Specifically, participants in
the No Experience condition were more likely to pick larger backpacks and hit the bar-
rier with the backpack, but less likely to refuse compared to participants in the Pre/Post
and Feedback conditions.
Although a few other aperture-navigation studies suggest that experience does not

change affordance perception (e.g., Petrucci et al., 2016; Yasuda et al., 2014), methodo-
logical differences provide explanations for the discrepancy with our findings. For
instance, one possibility offered for the lack of improvement in Yasuda et al. (2014) is
that novice wheelchair users’ pre-practice estimates for aperture passability were at ceil-
ing, thus there was little room for improvement. This is in contrast to estimates given
by our No Experience group. Additionally, Petrucci et al. (2016) did not compare their
findings to non-firefighter adults, whose estimates may be significantly different from
those of the experienced firefighters they tested.
We concluded that the Pre/Post group was more conservative than the other groups

because they chose smaller backpacks, were more likely to refuse, and a higher per-
centage of their trials were categorized as conservative. The data support our hypothe-
ses. One possible explanation for the pattern of responses might be an artifact of the
between-subjects design such that larger participants serendipitously ended up in the
Pre/Post group and smaller participants were in the No Experience group. Previous
research shows affordance perception differences based on absolute aperture size in
large versus small and tall versus short participants (e.g., Warren & Whang, 1987;
Wagman & Malek, 2008). Smaller/shorter participants tended to try openings that
taller/larger participants refused. If participants in the Pre/Post group were larger, then
their conservative choices could be explained by their larger body size rather than as
an effect of practice. However, there was no statistically significant difference between
the conditions for any of the body dimensions we collected. In fact, the significant
positive correlations between backpack size and body dimensions showed that wider
participants tended to pick larger, not smaller, backpacks. Experimenter bias or pro-
cedural error is a possible for the lack of refusals by the Feedback and No Experience
groups. But, they received similar procedures (other than the experimental manipula-
tion) and had similar equipment setups. A review of the videos did not reveal any
obvious differences and participants were not aware of the experimental manipulation
ahead of time.
Choosing smaller backpacks, like participants in the Pre/Post group, functions to

leave a margin of safety between the backpack and the barrier. This safety margin may
allow for successful passage despite erroneous decisions or fluctuations in locomotion.
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Other aperture studies also found that participants leave a safety margin when walking
through doorways (Higuchi et al., 2004). One possible factor for conservative responses
is the penalty for error in the current study. If participants hit the barrier, the experi-
menter told them to stop so he could retrieve the stick and participants stood up and
replaced the backpack. Sometimes the stick landed on the participant and in rare cases
it snapped in half and was replaced by an identical one. The penalty may have been
enough to deter participants in the Pre/Post group from engaging in risky behavior.
Indeed, even infants seem to take into account the penalty for an erroneous decision in
locomotor tasks. For instance, experienced walking and crawling infants behave cau-
tiously when presented with high-penalty downhill slopes, but the same infants relent-
lessly attempt to ascend low-penalty uphill slopes (Adolph, 1997). Modifying the cost or
benefit associated with participants’ decisions such as losing a reward or being told that
the backpack held a fragile or indestructible object could shift adults’ response criteria
to be more or less conservative in a future study.
Van der Meer (1997) suggested that a large safety margin was a way to compen-

sate for a lack of motor control and certainty of motion because children with
cerebral palsy left themselves a large safety margin when walking under barriers.
According to this idea, people should become less conservative as they gain coord-
ination via experience with a particular skill. In contrast, experience in our task
shifted participants’ response criterion to be conservative. One possible reason that
the Pre/Post group was more conservative is that the amount of practice in our
study (only one trial before making a decision) was too little to cause a decrease
in the safety margin. Participants’ might decrease their safety margin if they were
more confident through extensive practice with low crawling. Many of the partici-
pants spontaneously commented during the debriefing that they could do better
with more practice.
There are several possible strategies we could adapt to use with the current paradigm.

For instance, Franchak and Somoano (2018) found that participants who practiced sev-
eral times by squeezing through small openings initially gave conservative estimates that
become less conservative with more practice. To establish whether there are changes in
the safety margin, future research could give participants extensive practice low crawling
(e.g., 1–4 trials low crawling under each barrier with each backpack) and measure their
decision making over time to see if and when their response criterion becomes less con-
servative. If the findings show that participants with more trials and extensive practice
leave a larger safety margin, then it would suggest that experience functions to decrease
rather than increase our safety margin.
On the other hand, longitudinal research with infants crawling down slopes shows

that they become more, not less, cautious over weeks of crawling (Adolph, 1997), which
may be the case with the skill of low crawling as well. Indeed, participants in both the
Feedback and No Experience conditions seemed to adopt this strategy and permitted
themselves less of a margin of safety, much like infants crawling down slopes. Another
possibility for the current study findings is that the low level of motor control that chil-
dren with cerebral palsy experience is very different from what participants in this study
experienced. All participants could low crawl and none of them struggled to do so;
thus, the safety margins are similar across the conditions.
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Failure rates

Overall, more than a third of the trials resulted in failures. One possible reason for this
may be that participants did not see the combined height of the backpack and their
body once it was on their backs. Additionally, it is unclear whether the failure rate is
significantly higher compared to past research because most studies did not report error
rates and many studies collect judgments not actual performances. A few studies report
lower error rates than the current study for walking through apertures and under bar-
riers (Franchak, Celano, & Adolph, 2012; van der Meer, 1997; Wilmut & Barnett, 2010).
The higher error rate in the current study may reflect a combination of the greater
complexity of the task and less familiarity with the action. In other words, participants
failed more often overall because it was simply more difficult than previous tasks. The
findings suggest that one way to lower rate of failures in a future study would be to
give participants more experience (see also Franchak, 2017), such as low crawling with
each backpack under a variety of barriers.
As hypothesized, the rate of failures was higher for the Feedback and No Experience

conditions compared to the PP condition. It seems likely that the higher failure rates
was linked to their tendency to pick larger backpacks than the PP group. Picking a
larger backpack leaves less room for error due to a smaller safety margin. Other
research with climbing has found that those with higher anxiety expect to and do per-
form worse than those with lower anxiety (Pijpers, Oudejans, Bakker, & Beek, 2006).
However, no one in either group commented that the action was strange or uncomfort-
able for them. In fact, their mood was positive during the session and they seemed
genuinely interested in the task. Another, less plausible, explanation for the difference is
that the PP group were better at low crawling than the Feedback and No Experience
group. This seems doubtful because they were all drawn from the population of under-
graduate students enrolled in psychology courses.

Reasons for differences between conditions

There were clear differences between the experimental groups, but what did the Pre/
Post group gain by first crawling under the barrier? We propose that low-crawling prac-
tice provided immediate proprioceptive information on which the Pre/Post group could
base their judgments that the Feedback and No Experience groups were missing. They
could glean information about the relative height of the barrier and feedback on the fit
of their body under the barrier. In fact, participants in the Pre/Post condition looked
up at the barrier on 17% of trials as they went under it. During this time they could see
how much space was between their back and the barrier. An eye tracker could be used
in a future study to better capture direction of gaze and fixations to determine which
areas of the environment participants sought to gather information about. When mak-
ing their decision, they may have remembered themselves crawling under the barrier.
Some of the participants even said that they tried to picture themselves going under the
barrier as they made their decisions, but it is unknown whether it was helpful from trial
to trial.
Beyond geometric properties, participants in the Pre/Post condition most likely also

generated dynamic information about the task. Dynamic aspects of action include
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coordination, strength, and flexibility (Day et al., 2015), which can be quantified but are
not readily available by simply looking. The way to gain this type of information is to
perform the action oneself. Specifically, participants could feel the amount of postural
sway inherent in low crawling, how close they could get their body to the ground,
whether they would be able to balance themselves, how to coordinate their limbs, etc.
All of these facets are important aspects of guiding movements adaptively (Adolph,
1997). Cole, Chan, Vereijken, and Adolph (2013) suggested that some actions may be
easier to predict because they are constrained primarily by geometric properties, but
other actions may be too complex to predict without experience because they are con-
strained by dynamic factors. Moreover, vision is not informative once participants put
on the backpack because they can no longer see it. It is possible that low crawling with
a backpack is too complex to accurately predict without experience because of the
numerous dynamic aspects and that is why participants in the Feedback and No
Experience conditions made poorer decisions than participants in the Pre/
Post condition.
The similarity between the Feedback and No Experience conditions sheds further

light on the mechanism of dynamic experience. In contrast to our hypotheses, there was
little difference between these two conditions on almost every dependent measure. In
fact, participants in the Feedback condition were just as likely to look back at the bags
and barrier, although they had just crawled under one with a backpack. This behavior
suggests that participants in the Feedback condition were searching for information that
was not provided by low crawling on a previous trial. Possibly, they ignored or dis-
missed the previous trial because it was for a different barrier height than the one they
were currently facing and they were perceiving affordances on-line. But, participants in
the Pre/Post group crawled under the target barrier immediately before making their
decisions. This is evidence that closely timed and relevant dynamic experience is critical
for affordance perception because there was no difference between Feedback and No
Experience conditions. Relying on information in-the-moment rather than prior infor-
mation is more likely to lead to adaptive decisions.
Many past studies suggest the above sources of information as useful for detecting

other types of affordances. For instance, adults who felt themselves squeezing through
both possible and impossible doorways made more accurate estimates than those who
did not (Franchak et al., 2010; Franchak & Somoano, 2018; Franchak & Somoano,
2018). Similarly, adults who freely moved their head and torso as they estimated the
lowest barrier they could traverse in a wheelchair were more accurate than those who
could not (Yu, Bardy, & Stoffregen, 2010). Additionally, adults who were asked to
practice leaping made more accurate predictions about the maximum distance they
could leap and step (Day et al., 2015) than adults who did not practice leaping. In
fact, visual information by itself has been shown to be useful for estimating affordan-
ces for others, even if viewing an action that is different from the target action
(Ramenzoni, Davis, Riley, & Shockley, 2010). Unfortunately, the current study was not
designed to tease apart which specific type of information generated by pre-choice
practice was most useful in affordance perception, although a future study certainly
could. Nonetheless, the findings suggest that when the information is available, people
use it.
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Conclusion

This study used a less-familiar locomotor posture, low crawling under barriers with altered
body dimensions, to examine whether experience influences affordance perception.
Similar to previous studies, adults’ decisions were scaled to changes in the environment.
Additionally, the findings shed further light on the role of experience in affordance percep-
tion. We conclude that, at least for low crawling under barriers with altered body dimen-
sions, experience can sway decision making. Further research is needed to determine the
mechanism of how experience influences affordance perception.
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