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Abstract According to the action-specific account of percep-
tion, a perceiver’s ability to act influences how the environ-
ment is perceived. For example, in a computer-based task,
participants perceive fish as moving faster when they use a
smaller net, and are thus less effective at catching the fish
(Witt & Sugovic, 2013a). Here, we examined the degree to
which attention may influence perceptual judgments by re-
quiring participants to engage in a secondary task that directed
their attention either toward (Exp. 1) or away from (Exp. 2)
the to-be-caught fish. Though perceived fish speed was influ-
enced by participants’ catching performance—replicating pre-
vious results—attentional allocation did not impact this rela-
tionship between catching performance and perceived fish
speed. The present results suggest that action directly influ-
ences spatial perception, rather than exerting indirect effects
via attentional processes.

Keywords Spatial perception - Embodied perception -
Perception-action coupling - Attention - Affordances

People perceive the spatial layout of the environment in rela-
tion to their ability to act. For example, softball players who
are hitting better than others see the ball as bigger (Witt &
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Proffitt, 2005). Archers who are shooting better than others
see the target as bigger (Lee, Lee, Carello, & Turvey, 2012).
Athletes trained in parkour see walls as being shorter than do
untrained novices (Taylor, Witt, & Sugovic, 2011). Weighted
objects are perceived to be lighter when the perceiver antici-
pates carrying the object with the help of a capable partner,
relative to when the object must be carried alone or with an
unable partner (Doerrfeld, Sebanz, & Shiffrar, 2012). When
an individual’s ability to interact with objects in the environ-
ment changes the manner in which objects are perceived, this
is considered an action-specific effect (e.g., Witt, 2011).
Action-specific effects have been documented in a wide range
of experimental contexts, including in laboratory and natural
settings, with experimental manipulations and naturally occur-
ring differences, and with direct, indirect, and implicit
measures.

The action-specific account of perception has its roots in
Gibson’s (1979) theory of affordances, with affordances being
opportunities for action within the environment. Action-
specific effects demonstrate that affordances are perceived
even when making judgments regarding spatial aspects of
the environment such as distance, size, and speed. To truly
understand the theoretical implications of action-specific ef-
fects, however, the underlying mechanism(s) must be deter-
mined. For instance, if affordances are so fundamental that the
perceiver cannot help but implicitly report them, this would be
strong support for the idea that affordances are the primary
objects of perception (Lee et al., 2012).

It is also possible that action-specific effects are attributable
to preperceptual processes related to attention. According to
an attention-based mechanism, a target object appears bigger,
slower, farther, or steeper under one action condition because
perceivers attend to the target differentially as a function of the
task they intend to perform. An attention-based mechanism is
intuitively appealing, given that it is already known that action
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requirements influence how perceivers allocate attention
(Hayhoe & Ballard, 2005), and that the allocation of attention
influences action-related performance (e.g., Vickers, 1992).
Moreover, current theories of spatial perception can readily
accommodate action-specific effects that are due to attention
(Philbeck & Witt, 2015; Witt & Riley, 2014). For example,
many theories consider distance perception to be the product
of weighting various optical cues for depth such as binocular
disparity and depth from motion (e.g., Johnston, Cumming, &
Landy, 1995). Changes in attention due to action could impact
either the cues that are selected for perceptual integration or
the weights given to each cue without action directly
impacting perception (Philbeck & Witt, 2015).

Attention as an underlying mechanism could have further
theoretical implications, however, in that theorists may dis-
count action-specific effects as being perceptual (Firestone
& Scholl, 2015). In challenging whether action-specific ef-
fects are truly perceptual, Firestone and Scholl have put forth
six pitfalls that account for all recent claims of top-down ef-
fects on perception, including action-specific effects. These
pitfalls need not apply in every case, but if just one pitfall
can account for the results, the effect should be discounted
as being a genuine influence on perception. With respect to
the paradigm used in the present article (described below),
previous research has examined five of the six pitfalls and
found that none can account for this effect (Witt, Sugovic,
Tenhundfeld, & King, 2015). Thus, the one remaining pitfall
relates to attentional allocation. Firestone and Scholl argue
that purported perceptual biases such as action-specific effects
should not be considered genuine if they can be explained by
differences in attention. The goal of the present study was to
determine whether attention drives action-specific effects. To
do this, we explicitly manipulated the requirement to directly
attend—or not attend—a to-be-acted-upon target.

Numerous researchers have proposed that attention may be
the critical factor underlying action-specific effects (Bloesch,
Davoli, Roth, Brockmole, & Abrams, 2012; Cafal-Bruland,
Pijpers, & Oudejans, 2010; Caiial-Bruland & van der Kamp,
2009; Canal-Bruland, Zhu, van der Kamp, & Masters, 2011;
Gray, 2013; Gray, Navia, & Allsop, 2014). For example, de-
spite not explicitly examining/manipulating attention, Bloesch
and colleagues (2012) posited that attention can account for
why targets look closer when one observes someone else
reach with a tool, relative to observing that same person reach
without the tool. Similarly, in a flight simulator, Gray and
colleagues (2014) observed that both airplane-landing perfor-
mance and time spent fixating the runway correlated with
judgments of runway size: Individuals who performed the
landing more accurately and/or fixated the runway longer
judged the runway to be bigger. These authors argued for an
attention-based mechanism on the basis of pair-wise correla-
tions, but the complete relationship between fixations, perfor-
mance, and perceived size was not reported. To this point,

therefore, the evidence favoring a critical role for attention
has been mostly indirect. Additionally, fixing attentional allo-
cation to a particular location does not diminish the effect of
apparent body size on the perceived size of a nearby object
(van der Hoort & Ehrsson, 2014).

Other researchers have also argued for a role of attention,
but they have treated it as a boundary condition rather than an
underlying mechanism. For example, Cafal-Bruland and col-
leagues (2011) reported that golf-putting performance corre-
lated with the perceived size of the golf hole when attention
could be directed toward the hole, but not when attention was
obscured or diverted away from the hole. They advanced a
perceptual accentuation hypothesis that rests on the notion that
attention must be directed toward an object in order for the
object to be perceived in terms of action. The perceptual ac-
centuation hypothesis does not consider attention to be a me-
diating factor; that is, differences in attention across various
action conditions do not drive action-specific effects, but rath-
er, attention acts as a moderator or a boundary condition.
Attention is necessary and sets the stage for action-specific
effects, according to this account, but it does not account for
the effects themselves.

Taken together, the evidence favoring a role for attention in
action-specific effects is decidedly mixed, with some evidence
existing for each of three existing hypotheses, all of which
make separate predictions. According to an attention-based
account, individual or experimental variations in one’s ability
to act lead to differences in the allocation of attention, which
produce differences in the perception of the target. Thus, any
manipulation that can ensure that attention is equated across
conditions should lead to an elimination of action-specific ef-
fects. According to a perceptual accentuation hypothesis, at-
tention is necessary but not sufficient to explain action-specific
effects. Here, the key prediction is that diverting attention away
from the target—rather than equating attention across condi-
tions—should eliminate action-specific effects. According to
non-attention-based accounts, action-specific effects should
persist despite any variations in attention, including either
equating attention across conditions or diverting attention
away from the target. In the present study, we explicitly tested
these three accounts via direct manipulations of attention.

We examined the role of attention in the context of the
effect of catching ability on apparent speed. In this paradigm,
participants attempted to catch a fish moving across a com-
puter screen by shooting a net toward the fish. The net varied
in size, which influenced the ease with which the fish could be
caught. When the net was bigger—meaning that the task of
catching the fish was easier—participants perceived the fish
as moving slower than when the net was smaller and the
task was more difficult (Witt & Sugovic, 2013a). This par-
adigm was modeled after a similar paradigm in which par-
ticipants attempted to catch a moving ball by continuously
controlling the vertical position of a paddle. In the ball-
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catching paradigm, participants perceived the ball as moving
slower when the paddle was bigger, and more effective, than
when the paddle was smaller (Witt & Sugovic, 2010, 2012).

This action-specific effect of catching ease on perceived
speed affords an opportunity to examine the influence of at-
tention, given the overwhelming evidence that net (or paddle)
size influences perceived fish (or ball) speed, as opposed to
postperceptual processes such as memory or task demands
(Witt, South, & Sugovic, 2014; Witt & Sugovic, 2010,
2012, 2013a, b, ¢; Witt, Sugovic, & Taylor, 2012), thus ruling
out Pitfalls #2 (judgment vs. perception), #3 (task demands),
and #6 (memory vs. perception). The results also showed that
these effects are due to the ease of catching the target, rather
than to visual differences across net sizes or individual trial
outcomes, thus ruling out Pitfalls #1 (overly confirmatory re-
search) and #4 (low-level differences). For example, the effect
of net or paddle size on speed judgments is also found when
judgments are made while the fish (or ball) is still moving
(Witt & Sugovic, 2012, 2013a), when the analyses control
for compliancy with task demands (Witt & Sugovic, 2013b),
and when the perceptual measure is implicit and action-based
(Witt & Sugovic, 2013a). Having ruled out five of the six
pitfalls (Witt et al., 2015), the next order of business is to
address the final pitfall.

Some insight into the manner in which attention could in-
fluence perception in the present task can be gleaned from the
Aubert—Fleischl illusion, in which a moving object appears
slower when an observer tracks it, relative to when a nearby
stationary point is fixated (Aubert, 1886; Fleischl, 1882). Im-
portantly for the present purposes, attentional allocation di-
rectly influences the perceived speed of the object. Therefore,
if net size gives rise to differences in attentional allocation, this
could explain why the fish appears to move at different speeds
across different net sizes. Specifically, if perceivers attend to
the fish more when the net is big than when the net is small,
this would explain why the fish appears slower when the par-
ticipant plays with a bigger net.

In the present experiments, we sought to delineate between
the attention-based, perceptual accentuation, and non-
attention-based accounts of action-specific effects. To that
end, we employed a secondary task that could only be per-
formed by continuously attending the target fish (Exp. 1) or by
continuously diverting attention away from the target fish
(Exp. 2). If differential attentional allocation is critical, then
we would not expect to observe action-specific effects in Ex-
periment 1, given that the secondary task should equate the
levels of engagement with the target fish independent of net
size and fish speed. If attention instead is an important mod-
erating variable, then we would expect a reduction or elimi-
nation of action-specific effects in Experiment 2, when atten-
tion was diverted away from the target. If, however, attention
does not play a critical role, then neither manipulation should
impact the presence or magnitude of action-specific effects.
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Experiment 1: focusing attention on the target

Participants attempted to block a fish moving across the
screen, while using different-sized nets. Participants pressed
the trigger on a joystick to release the net, which then moved
upward on the computer screen perpendicular to the horizon-
tal movement of the fish. If the net intersected the fish, the
catch was successful; otherwise, the fish continued past the
net, and the trial was a miss. To be successful, participants had
to accurately time the release of the net just right. After each
attempt, participants estimated the speed of the fish.

To control attentional allocation, we employed a secondary
task in which participants were required to count the number
of times that a small square briefly appeared on the fish. The
square was small, and thus was designed to force participants
to focus on the fish and not to look elsewhere. This manipu-
lation should ensure that attention was continuously allocated
toward the fish in all conditions, independent of net size and
fish speed.

Method

Participants A total of 27 volunteers provided informed con-
sent and participated in exchange for course credit. All partic-
ipants were naive as to the purpose of the study, which took
place in a single 30-min session. A post-hoc power analysis
indicated that we achieved over 95 % power with this number
of participants to obtain the effect of net size on perceived fish
speed.

Stimuli and apparatus Stimuli were presented on a 19-in.
desktop monitor with a black background (see Fig. 1). A white
fish, 1.9 cm wide and 1.8 cm tall, was the target. The net was a
white rectangle that was 0.7 cm wide and was set to one of
three heights on each trial (1.97, 5.92, or 11.84 cm). Partici-
pants controlled the release of the net with a joystick. The
square was black, 0.38 cm? in size, and was presented at the
center of the fish.

Procedure Participants were initially trained on the slow
(18 cm/s) and fast (74 cm/s) anchor speeds. During this initial
training, text on the screen indicated which anchor speed
would be shown prior to each exposure. Each anchor speed
was shown three times, and order was randomized. Next, the
anchor speeds were shown again but were not labeled, and
participants had to identify each speed as “slow” or “fast” by
pressing the corresponding button on the joystick. The speeds
were shown three times each, order was randomized, and text
on the screen (“Correct” in green or “Incorrect” in red) gave
participants feedback on their responses.

After training, participants were instructed how to perform
the task. They were told that their task was to catch the fish by
pressing the trigger on the joystick to release the net. After
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Task: press trigger
to release net

See outcome &
Judge fish speed

Slow or fast? .l

Enter number
of flashes

Number of
flashes?

Fig.1 Overview of the experimental task (top). On this trial, the medium net is depicted, and the trial resulted in a successful catch. Here, the text on the
screen is shown bigger in order to be legible. Also shown are close-ups of the fish with the square absent and present (bottom)

each attempt to catch the fish, they were asked to perform a
speed bisection task (e.g., Witt & Sugovic, 2010), by indicat-
ing whether the fish moved more like the slow or the fast
training speed via buttonpress on the joystick. Participants
were also told that a small black square would flash on the
center of the fish at various times (see Fig. 1). Their task was
to count the number of times the square flashed' and to enter
this number into the keyboard at the end of the trial. This
represented the critical secondary task that required continu-
ous attention to the fish in order to be performed correctly.
On each trial, the fish and the net appeared for 50 ms before
the fish moved across the screen. The fish was positioned
either high (21.4 cm from the bottom of the monitor) or low
(17.5 cm from the bottom). The fish moved from left to right
at one of six speeds, ranging from 18 to 65 cm/s (18.46, 27.69,
36.91, 46.14, 55.37, or 64.60 cm/s). The center of the net was
positioned 6.5 cm from the bottom and 2.4 cm from the right

! The term “flash” was used when instructing participants; however, it is
critical to note that the appearance and subsequent disappearance of the
square on the fish was subtle and could only be detected via sustained
attention to the fish. This was not a flash or an onset of the type that would
lead to the automatic capture of attention via exogenous cues.

edge of the monitor. Upon pressing the joystick trigger, the net
moved up at a constant speed of 18 cm/s. If any part of the
front edge of the net intersected any part of the fish, both the
fish and net stopped immediately. These were classified as
successful catching trials. Otherwise, both objects continued
until the fish was beyond the edge of the screen, and the trial
was classified as a miss.

The square appeared at random at the center of the fish
while the fish moved across the screen. When the square ap-
peared, it stayed visible for 80 ms before disappearing; it could
not appear again within 120 ms of the previous appearance.
Once the fish had moved within 2.4 cm of the net, the square
could no longer appear. The maximum number of times that
the square could appear was eight (M = 3.36 appearances, SD
= 1.54 appearances, range = 0-8), although participants were
not told this.

After each catching attempt, participants immediately esti-
mated the speed of the fish by performing the speed bisection
task. They entered their responses (“slow” or “fast”) on la-
beled buttons on the joystick. Using the keyboard, participants
then entered the number of times the square had appeared on
the fish. No feedback was given on either the speed judgment

@ Springer



884

Atten Percept Psychophys (2016) 78:880-890

or the square-counting response. Participants completed six
blocks. Each block contained 36 trials (2 initial fish positions
x 6 fish speeds x 3 net heights). Order within a block was
randomized.

Results and discussion

One participant did not understand the task and never released
the net. Two participants had multiple data points that were 1.5
times below the interquartile range (one had poor catching
performance, and one had poor counting performance). All
three were removed prior to the analyses. Perceived speed
was assessed by calculating the point of subjective equality
(PSE). PSEs were calculated for each participant for each net
size condition from binary regressions. Due to complete or
partial separation, convergence was not achieved for three
participants with the middle net, for one participant for the
small net, and for one participant for the big net. SPSS’s ap-
proximation of the PSE in these cases was still useful, so these
data points were included. Eliminating these data points did
not change the outcomes. All reported standard errors were
calculated within subjects unless otherwise specified.

As a manipulation check, we ensured that fish-catching
performance varied as a function of net size. Proportions of
fish successfully caught were submitted to a repeated mea-
sures analysis of variance (ANOVA) with Net Size as the
within-subjects factor. Participants caught the fish more suc-
cessfully as net size increased, F(2, 46) = 1,058.35, p <.001,
np2 = .98 (see Fig. 2).

Net size effect on perceived speed As is predicted by an
action-specific account of perception, ease to catch the fish
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Fig.2 Proportions of fish successfully caught as a function of net size for
Experiment 1. Data on the left are for all trials, and data on the right are
only for trials on which squares were counted correctly. Error bars
indicate one SEM calculated within subjects
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influenced the PSEs (see Fig. 3). The PSEs were submitted
to a repeated measures ANOVA with Net Size as the within-
subjects factor. This analysis revealed a significant effect of
net size on the PSEs, F(2, 46) = 36.79, p < .001, np2 =.62:
Participants judged the fish as moving slower when they used
the big net than when they used the small net.

PSEs are a standard measure in psychophysics, but one
might argue that the PSEs in this experiment reflect differ-
ences in memory rather than differences in perception, be-
cause the judgments were made after the fish had stopped
moving (Cooper, Sterling, Bacon, & Bridgeman, 2012). Prior
research has demonstrated similar effects, however, when the
judgments are made while the target is still moving (Witt &
Sugovic, 2012). In addition, the present paradigm has the
advantage that it provides an implicit, action-based measure
of perceived speed that is performed while the fish is visibly
moving. This measure is known as nef release time, or netRT.
If the fish is genuinely perceived as moving slower when the
net is big, participants should wait longer to release the big net
than the small net. Consistent with this prediction, it has been
demonstrated that netRTs are slower for the big than for the
small net, and that this difference is not attributable to a par-
ticipant’s strategy (Witt & Sugovic, 2013a).

NetRTs faster than 100 ms were classified as errors of an-
ticipation and were removed prior to analysis. NetRTs slower
than 1.5 times the interquartile range for each fish speed were
also removed. Combined, the eliminated trials accounted for
3 % of the data. The remaining trials were summarized by
taking the mean netRT for each participant for each net size.
These means were submitted to a repeated measures ANOVA
with Net Size as the within-subjects factor. Net size
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Fig. 3 Points of subjective equality (PSEs) as a function of net size for
Experiment 1. A lower PSE indicates the fish was judged as faster. Data
on the left are for all trials, and data on the right are only for trials for
which squares were counted correctly. Error bars indicate one SEM
calculated within subjects
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significantly influenced netRTs, F(2, 46) =4.84, p = .012, npz
=.17 (see Fig. 4). This replicates previous research and shows
that participants wait longer to release the big than the small
net. This finding implies that perceivers see the fish as moving
slower when they play with the big net, which is why they
wait longer.

Both the explicit measure of perceived fish speed (PSEs)
and the action-based measure of perceived fish speed (netRT)
revealed a significant effect of fish-catching performance.
This is consistent with the claim that perception is action-spe-
cific, and is in line with numerous previous results. The ques-
tion of interest, however, was whether attention was the mech-
anism underlying these effects.

Square counting task The purpose of the square-counting
task was to force participants to continuously attend the fish
throughout the trial, to ensure that attention was equated
across the different net size and fish speed conditions (the task
could not be successfully performed in the absence of
sustained attention to the fish). The finding that action-
specific effects were observed despite this additional manipu-
lation is evidence against an attention-based account. This
issue can be examined further, however, by comparing per-
ceived fish speeds on trials on which the squares were correct-
ly counted. It could be argued that errors on the square-
counting task reflect an inability to maintain attention on the
fish and that the action-specific effects observed are primarily
attributable to a differential distribution of errors on the
square-counting task across net sizes.
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Fig. 4 Netrelease times (netRTs) as a function of net size for Experiment
1. A higher netRT implies that the fish appeared slower. Data on the left
are for all trials, and data on the right are only for trials on which squares
were counted correctly. Error bars indicate one SEM calculated within
subjects

The mean proportion of trials on which squares were accu-
rately counted was calculated for each participant (M = .63,
SD = .14, range = .34—.86; that performance was not substan-
tially higher is indicative of the square-counting task being
sufficiently challenging as to require continuous attention).
Proportions correct were entered into a repeated measures
ANOVA with Net Size as a within-subjects factor. Net size
did not significantly influence the proportions of trials on
which squares were counted correctly, F(2, 46) = 1.72, p =
.19, 77p2 =.07 (small net: M = .62 proportion correct, SD = .14;
medium net: M = .63, SD = .14; big net: M = .65, SD = .15).
This is indicative of attention being equated across our condi-
tions. Nevertheless, to help ensure equality across net sizes,
we recomputed the PSEs and netRTs only for trials on which
square-counting performance was accurate. Net size still sig-
nificantly influenced both PSEs, F(2, 46) = 21.48, p < .001,
1y = .48, and netRTs, F(2, 46) = 10.92, p < .001, n,> = .32
(see Figs. 3 and 4). This finding verifies that the effect of net
size on perceived speed was not driven by attention.

This action-specific effect was unaffected by the square-
counting task, which is inconsistent with an attention-based
account. The present data cannot, however, address the issue
of whether attention plays some moderating role in the effect
of fish-catching performance on perceived fish speed. Some
researchers have claimed that attention directed toward the
target is necessary for action-specific effects to occur (Canal-
Bruland & van der Kamp, 2009; Cafal-Bruland et al., 2011),
and the present results are consistent with this claim. The
purpose of Experiment 2 was to address whether attention
toward the target is necessary for net size to influence per-
ceived fish speed.

Experiment 2: stationary fixation
Method

We recruited 19 participants who had not participated in Ex-
periment 1 and who were naive as to the purpose the experi-
ment. A post-hoc power analysis indicated that we achieved
over 95 % power with this number of participants to obtain the
effect of net size on perceived fish speed.

The procedure was the same as in Experiment 1, except
that the squares were white and appeared at the center of the
display throughout the experiment (see Fig. 5). Maintaining
fixation to count the squares accurately thus required attention
to be diverted away from the fish. If attention is critical to
action-specific effects, we would expect a reduction in the
magnitude of these effects—or their complete elimination—
in the present experiment. As before, participants attempted to
catch fish with different-sized nets and estimated the speed of
the fish.
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Fig. 5 Example display from Experiment 2: The fish has just started
moving, the square is visible, and the net is small and has not yet been
released

Results and discussion

We calculated PSEs and netRTs for each net size for each partic-
ipant, as before. Two participants were deemed outliers and re-
moved from further analyses. Both had counting accuracy scores
1.5 times lower than the interquartile range, and both had at least
one PSE that was 1.5 times greater than the interquartile range.
As expected, net size significantly influenced the propor-
tions of fish successfully caught, F(2,32)=1,211.41,p<.001,
np2 = .99 (see Fig. 6). Net size also marginally influenced
square-counting performance, F(2, 32) = 3.09, p = .06, np2 =
.16, with the linear contrast also being marginally significant,
F(1, 16) = 3.86, p = .07, np2 = .19 (small net: M = .58
proportion correct, SD = .14; medium net: M = .61, SD =
11, big net: M = .62, SD = .12). This marginal effect cannot
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Fig. 6 Proportions of fish successfully caught as a function of net size for
Experiment 2. Data on the left are for all trials, and data on the right are
only for trials on which squares were counted correctly. Error bars
indicate one SEM calculated within subjects
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account for the action-specific effect, however, because it
makes the opposite prediction. According to the Aubert—
Fleischl illusion, given that the square required participants
to attend away from the fish, the fish should have appeared
faster when the net was big than when it was small.

We analyzed the data from all trials and from trials on
which squares were counted accurately (70.52 % of trials).
Net size influenced the PSEs, F(2, 32) = 18.56, p < .001, npz
= .54, and also the PSEs on correct counting trials, F(2, 32) =
14.80, p < .001, 7]p2 = .48 (see Fig. 7). Even though attention
was diverted away from the fish, net size still significantly
influenced the PSEs: Participants judged the fish as moving
faster when the net was smaller and less effective for catching
the fish. Corroborating the finding with explicit speed judg-
ments, netRTs were also influenced by net size, as was shown
by analyses with all trials, F(2, 32) = 8.39, p =.001, 77,,2 =.34,
and with trials on which squares were counted correctly, F(2,
32) = 8.10, p = .001, npz = .34 (see Fig. 8). Both types of
measures suggest that fish that were easier to catch appeared
slower, even when attention was diverted elsewhere.

Combined analyses across experiments

A direct comparison of Experiments 1 and 2 suggests that
diverting attention away from the target by placing the squares
in the middle of the display did not diminish the effect of net
size on apparent speed (see Fig. 9). We computed difference
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Fig. 7 Points of subjective equality (PSEs) as a function of net size for
Experiment 2. A lower PSE represents seeing the fish as moving faster.
Data on the left are for all trials, and data on the right are only for trials for
which squares were counted correctly. Error bars indicate one SEM cal-
culated within subjects
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Fig.8 Netrelease times (netRTs) as a function of net size for Experiment
2. A higher netRT implies that the fish appeared slower. Data on the left
are for all trials, and data on the right are only for trials for which squares
were counted correctly. Error bars indicate one SEM calculated within
subjects

scores by subtracting the small-net value from the big-net
value® for the PSEs and the netRTs for trials on which the
squares were correctly counted. These difference score mea-
sures were submitted to a multivariate ANOVA with Experi-
ment as a between-subjects factor. For both measures, the
intercept was significant [PSEs, F(1, 39) = 51.01, p < .001,
Ny = .57; netRTs, F(1, 39) = 28.23, p < .001, n,> = .42]. An
effect in the intercept signals that the difference score for each
measure was significantly different from 0. Experiment was
not a significant predictor of either of the difference scores
[PSEs, F(1, 39) = 0.05, p > .83, np2 <.01; netRTS, F(1, 39)
<0.01, p>.96, np2 <.01]. This lack of effect indicates that the
difference scores were not affected by experiment. In other
words, directing attention toward versus away from the fish
did not impact the effect of net size on perceived fish speed.
Both square-counting tasks required fixation on the
square’s location in order to successfully count the squares.
The square was too small and its appearance too random to
allow for successful counting while not maintaining gaze to-
ward the square’s location. That said, it is possible that the
square-counting task engaged attention in different ways
when the square was located on the fish versus at the center
of the screen. Indeed, the two versions of the square-counting

2 Conducting a repeated measures ANOVA with Net Size as a within-
subjects factor and Experiment as a between-subjects factor produced the
same pattern of significance, with net size being a significant predictor
and the interaction between net size and experiment being nonsignificant.
Difference scores were used instead to make comparisons of the net
effects across experiments easier to visualize.

task produced opposite effects on fish-catching performance.
The mean proportions of fish successfully caught were entered
into a repeated measures ANOVA with Counting Accuracy
(correct vs. incorrect) as a within-subjects factor and Experi-
ment as a between-subjects factor. Participants caught the fish
more successfully in Experiment 1, when attention was drawn
to the fish, than in Experiment 2, when attention was drawn
away from it, (1, 39) = 5.06, p < .05, np2 =.12. This makes
intuitive sense, given that the square appeared on the fish in
Experiment 1, so participants had one less object to attend in
that experiment than did the participants in Experiment 2. The
effect of counting accuracy was not significant, /' < 1, but the
interaction between experiment and counting accuracy was,
F(1, 39)=13.61, p = .001, np2 = .26. In Experiment 1, par-
ticipants caught the fish more successfully when they counted
correctly (M = .43 proportion of fish successfully caught, SD =
.06) than when they counted incorrectly (M = .37, SD = .06),
#23)=3.14, p <.01, drp = 0.99. In contrast, in Experiment 2,
participants caught the fish more successfully when they
counted incorrectly (M = .45, SD = .08) than when they count-
ed correctly (M = .41, SD = .04), ((16) = 2.25, p < .05, drm =
0.61. This pattern of results is consistent with the idea that the
two square-counting tasks engaged attention in different ways.
However, given that the effects of net size on perceived speed
were similar across the two experiments, the results actually
bolster the argument that attention is not involved in this par-
ticular action-specific effect. In addition, examination of the
effect sizes previously obtained with the fishing task when
there was no secondary task revealed similar effect sizes to
those obtained here (explicit judgments, npz = .43; netRTs, npz
= .31; Witt & Sugovic, 2013a). Not only did equating or
diverting attention fail to eliminate the effect of net size on
perceived speed, but equating or diverting attention did not do
much, if anything, to reduce this action-specific effect.

It is also of interest to examine how the fish-catching per-
formance on each trial impacted the perceived fish speed.
Previously collected data revealed mixed results, such that
sometimes the target appeared significantly slower after a suc-
cessful catch than after a miss, but many times no effects of
catching success on perceived speed have emerged (Witt &
Sugovic, 2010, 2013a). Calculating PSEs for each net size and
trial outcome (successful catch vs. miss) is problematic, be-
cause there are so few successes with the small net that con-
vergence cannot be achieved. Consequently, we analyzed the
raw response data using a hierarchical linear model (HLM 7).
The dependent variable was the response on each trial (0 =
slow, 1 = fast), which was modeled using a Bernoulli distri-
bution. With experiment as a predictor, we found no signifi-
cant effects, no significant interactions, and no change to the
significance or parameter estimates for any of the other fac-
tors. As such, we collapsed our data across experiments. The
subsequent predictors were trial success (0 = miss, 1 = hit),
square-counting accuracy (0 = incorrect, 1 = correct), fish
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Fig. 9 Difterence scores for PSEs (left) and netRTs (right) for trials on
which squares were counted correctly are plotted as a function of
experiment. Difference scores were calculated as the value with the big
net minus the value with the small net. Difference scores show the effect
of net size on perceived fish speed. A higher value indicates that net size

speed (centered around the group mean), net size (—1 = small,
0 =medium, 1 = big), and the interaction between trial success
and net size. The reported findings are results from the
population-average model with robust standard errors (see
Fig. 10). Net size significantly influenced estimated speed (¢
=-4.74,p<.001, 5=-.38), and trial success also significantly
influenced estimated speed (1=-2.22, p = .03, 5 =-.24). The
coefficients reveal that net size had a larger impact on estimat-
ed speed than did trial success. The interaction between net
size and trial success was not significant (= 0.29, p > .77, =
.03). Fish speed influenced reported speed (¢=20.17, p <.001,
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Fig. 10 Proportions of “fast” responses as a function of ball speed, trial
success, and net size. The data are combined across both experiments.
Curve estimates are from the hierarchical linear model results. See the text
for details
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had a larger effect on perceived fish speed in the predicted direction. The
dotted lines at 0 represent the points at which net size would have no
effect on perceived speed. Small circles represent the data from each
participant, and large squares represent the group means. Error bars
indicate one SEM calculated between subjects

0 = .18), but square-counting accuracy did not significantly
influence reported speed (¢ = 1.06, p = .29, 3 = .10). These
results show that although participants were more likely to
label fish that had been missed as moving faster, this did not
account for the effect of net size on perceived fish speed.

General discussion

According to the action-specific account of perception, people
perceive the spatial layout of the environment in relation to
their abilities to act in it (Witt, 2011). For example, softballs
look bigger to people who are hitting better than others (Gray,
2013; Witt & Proffitt, 2005). What remains unknown is the
mechanism by which a person’s ability to act influences per-
ception. One possible mechanism is that the ease to perform a
task changes how a person attends to the target, and that dif-
ferences in attention are responsible for differences in percep-
tion (e.g., Gray et al., 2014). Attention as the underlying
mechanism has some appeal, because most theories of spatial
perception can account for differences in how an object looks
as the result of changes in the inputs or weights (Philbeck &
Witt, 2015). However, given our results showing that attention
is not an underlying mechanism, the implication is that action
directly influences perception, such that information about
action is directly integrated with or processed along with op-
tical cues.

Action-specific effects have been criticized as to whether
they reveal genuine influences on perception, but no gold
standards exist for how to assess the evidence (see Philbeck
& Witt, 2015, for areview). Recently, a framework has offered
six potential pitfalls that can be used to evaluate the perceptual
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nature of an effect (Firestone & Scholl, 2015); an effect that
falls into any of the six pitfalls is discounted as being a genu-
inely perceptual effect. The six pitfalls include (1) having an
overly confirmatory research agenda, (2)effects due to an in-
fluence on judgments rather than on perception, (3) effects due
to response biases or task demands, (4)effects due to low-
level differences in optical information, (5) effects due to dif-
ferences in attention, and (6) effects on memory rather than
perception. Prior research has ruled out five of the six pitfalls
as they relate to this particular action-specific effect (Witt &
Sugovic, 2012, 2013a, b; for a review, see Witt et al., 2015).
The one remaining pitfall that could discredit this effect as
being perceptual related to attention. Thus, the present ex-
periments were critical, because they ruled out the final,
previously unexplored pitfall, relating to attention rather
than to a direct influence of perception. We can now con-
clude that, at least in this case, action genuinely influences
perception.

We examined the potential role of attention for action-
specific effects by having participants perform a secondary
task that required them to continuously attend a target fish
(Exp. 1) or to continuously divert attention away from the
target fish (Exp. 2). This afforded us an opportunity to test
three potential accounts for action-specific effects: attention-
based, perceptual accentuation, and non-attention-based. At-
tention is a plausible mechanism for a variety of reasons, with
the most important being that looking behavior can influence
the perceived speed of an object. During smooth pursuit of a
moving object, the object appears to move slower than when a
nearby stationary point is fixated instead. This phenomenon is
known as the Aubert—Fleischl illusion (Aubert, 1886; Fleischl,
1882). In the context of action-specific effects, this effect of
looking behavior on apparent speed could account for the
effect of catching ease on the perceived speed of a fish. Ac-
cording to this account, when playing with the big net, partic-
ipants would be more likely to focus on the fish, which ex-
plains why the fish appears slower than when playing with the
small net.

If action-specific effects are attributable to an underlying
attentional mechanism, then according to the attention-based
(Gray et al., 2014) and perceptual accentuation (Caial-
Bruland et al., 2011) accounts, we would have expected our
secondary square-counting task to lead to an elimination of
these effects or, at the very least, a reduction in their magni-
tude. This was not the case. Action-specific effects were ob-
served in the present study, independent of whether attention
was directed toward or diverted away from the target fish,
including on trials on which the square-counting task was
performed correctly (implying that attention was engaged by
the secondary task throughout the trial). Moreover, the mag-
nitude of the observed effects were similar to those in a pre-
vious study using the same paradigm, albeit in the absence of
the secondary task (Witt & Sugovic, 2013a).

That this action-specific effect was unaffected by our sec-
ondary task is strong evidence against a critical role for atten-
tion. This is particularly the case given that our secondary
square-counting task required that attention be divided be-
tween the square/fish and the net (Exp. 1) and between the
fish, the net, and the square at the center of the screen (Exp. 2).
There have been numerous demonstrations that dividing at-
tention often leads to performance deficits across a variety of
tasks and modalities (Anderson & Craik, 1974; Bonnel &
Hafter, 1998; Bonnel & Prinzmetal, 1998; Craik, Govoni,
Naveh-Benjamin, & Anderson, 1996; Folk, 2010; Salvucci
& Taatgen, 2008; Strayer & Drews, 2007), given humans’
limited cognitive capacity. As such, had we observed a reduc-
tion or elimination of action-specific effects, it would have
required additional investigation to determine whether this
was attributable to attention per se or to a general capacity
limit. The absence of any influence of an attentional manipu-
lation on action-specific effects suggests that the underlying
mechanism was unrelated to attention.

The present study represents one of the first attempts to
directly measure the impact of attention on action-specific
effects (see also Canal-Bruland et al., 2011; van der Hoort &
Ehrsson, 2014) by directly manipulating whether participants
were required to continuously attend—or divert attention
away from—a target object within the context of a dual-task
paradigm. Previous investigations of this issue have often ex-
amined the question in an indirect manner, in the absence of an
attentional manipulation. Previously, we found that objects
that are easier to catch appear to be moving slower (Witt
et al., 2014; Witt & Sugovic, 2010, 2012, 2013a, b, c; Witt
et al., 2012). In the present experiments, a secondary task
forced participants to continuously attend to the fish (or con-
tinuously attend elsewhere), thereby equating attention across
net sizes. The results demonstrate that action-specific effects
are observed independent of how attention is oriented. These
studies rule out a role for overt attention in this particular
action-specific effect, and suggest that a perceiver’s ability to
catch a moving object directly influences the perceived speed
of the object.

Author note This research was supported by grants from the National
Science Foundation (Nos. BCS-0957051, BCS-1314162, and BCS-
1348916) to JK.W.
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