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Abstract Traditional theories of vision assume that figures
and grounds are assigned early in processing, with semantics
being accessed later and only by figures, not by grounds. We
tested this assumption by showing observers novel silhouettes
with borders that suggested familiar objects on their ground
side. The ground appeared shapeless near the figure’s borders;
the familiar objects suggested there were not consciously
perceived. Participants’ task was to categorize words shown
immediately after the silhouettes as naming natural versus
artificial objects. The words named objects from the same or
from a different superordinate category as the familiar objects
suggested in the silhouette ground. In Experiment 1, partici-
pants categorized words faster when they followed silhouettes
suggesting upright familiar objects from the same rather than a
different category on their ground sides, whereas no category
differences were observed for inverted silhouettes. This is the
first study to show unequivocally that, contrary to traditional
assumptions, semantics are accessed for objects that might be
perceived on the side of a border that will ultimately be
perceived as a shapeless ground. Moreover, although the
competition for figural status results in suppression of the
shape of the losing contender, its semantics are not sup-
pressed. In Experiment 2, we used longer silhouette-to-word
stimulus onset asynchronies to test whether semantics would
be suppressed later in time, as might occur if semantics were
accessed later than shape memories. No evidence of seman-
tic suppression was observed; indeed, semantic activation of
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the objects suggested on the ground side of a border ap-
peared to be short-lived. Implications for feedforward versus
dynamical interactive theories of object perception are
discussed.
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Although seemingly effortless, visually perceiving the world
around us requires extensive processing. To produce a coher-
ent percept, the visual system must organize the information it
receives, and perceptual organization entails selection
(Peterson & Kimchi, 2013). For instance, when two abutting
regions of the visual field share a border, only one of them is
typically perceived as an object (i.e., a figure); the other is not.
The figure is perceived as having a definite shape, whereas the
other region appears to continue behind the figure as its local
background (or ground) and is perceived as shapeless near the
figure’s borders. An important question regarding perceptual
organization is “How much processing occurs for the regions
ultimately perceived as shapeless grounds before figure—
ground assignments are made?” Clearly, some processing of
both figures and grounds must occur in order for perceptual
organization to take place, but it remains unclear whether such
processing is restricted to image-based factors that are proc-
essed at low levels in the visual hierarchy, or whether higher-
level processing occurs as well.

According to traditional views, figure—ground segregation
occurs at a low-level stage of a serial, hierarchical processing
stream (e.g., Hebb, 1949; Koftka, 1935; Kohler, 1929/1947,;
Riesenhuber & Poggio, 1999; Zhou, Friedman, & von der
Heydt, 2000). Image-based factors, including symmetry, con-
vexity, small area, and closure, determine which regions will
be perceived as figures; regions possessing these features are
more likely to be perceived as figures than are abutting regions
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that are asymmetric, concave, larger in area, or surrounding.
According to these traditional views, representations that de-
pend upon the past experience of the individual, such as
memories of object structure and meaning, are accessed only
after figure—ground assignment has occurred, and then only
for figures, not for grounds.

Contrary to this traditional view, research has indicated that
past experience exerts an influence on figure assignment: A
region on the side of a border where a well-known object is
sketched is more likely to be perceived as figure when it
depicts that object in its canonical, upright orientation rather
than an inverted orientation (e.g., Gibson & Peterson, 1994;
Peterson & Gibson, 1994b; Peterson, Harvey, &
Weidenbacher, 1991; for other demonstrations of past experi-
ence effects, see Navon, 2011; Vecera & Farah, 1997). The
orientation dependency of these effects is critical to the claim
that past experience is involved, inasmuch as, by definition,
objects that have a canonical orientation have been experi-
enced far more often in that orientation than in an inverted
orientation. Therefore, orientation inversion changes their fa-
miliarity but leaves lower-level features known to influence
figure assignment unchanged.

Evidence that object memories exert an influence on figure
assignment indicates that such memories are accessed prior to
figure assignment, or simultaneously with it (see Grill-Spector
& Kanwisher, 2001). These early experiments could not speak
directly to the important question of whether object memories
are accessed for regions perceived as grounds, however, be-
cause the displays used initially were otherwise ambiguous, in
that the abutting regions were matched as closely as possible
for image-based factors. Thus, it was possible that object
memories were accessed only for regions perceived as figures.
Peterson and Gibson (1994a) took a further step by manipu-
lating the symmetry versus asymmetry of two abutting regions
sharing a central border in a 2 x 2 design in which one region
sketched a familiar object and the other region did not.
Familiarity effects were evident in figure—ground reports
made by observers who viewed these displays for short dura-
tions: When both regions were symmetric, participants report-
ed perceiving the figure lying on the side of the border where a
familiar object was sketched more often when the displays
were upright than when they were inverted (77% vs. 66% of
trials). Hence, familiarity enhanced the effects of symmetry.
Familiarity also seemed to compete with symmetry:
Participants saw the figure on the familiar side of the border
less often in upright displays when the region depicting the
familiar object was asymmetric and the abutting region was
symmetric (48% of trials, which was still more often than in
inverted displays: 38% of trials). Taken together, Peterson and
Gibson’s (1994a) results suggested that figure assignment is
based on competition and cooperation between image-based
factors and past experience embodied in access to object
memories. When the two compete, as they do when the region
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depicting an upright familiar object is asymmetric and the
abutting region is symmetric, each wins the competition ap-
proximately half the time and is perceived as the figure. This
interpretation assumes that object memories were accessed for
regions that were ultimately perceived as grounds when past
experience lost the competition to symmetry. However, an-
other explanation remained possible—that on trials on which
the figure was perceived on the symmetric (unfamiliar) side of
the border, object memories for the opposite side were not
accessed in time to affect figure assignment. Thus, the ques-
tion of whether object memories are accessed for regions
perceived as grounds remained unanswered.

Peterson and Skow (2008; see also Peterson & Kim, 2001)
directly tested whether memories of object structure are
accessed for regions perceived as grounds. To do so, they
used stimuli in which portions of well-known objects were
suggested on the ground side of a figure’s border. Participants
were unaware of these well-known objects because they lay
on the ground side, which appeared shapeless near the silhou-
ette’s border. Reasoning within an inhibitory competition
model of figure assignment in which the region that loses
the competition for figural status is suppressed (Grossberg,
1994; Kienker, Sejnowski, Hinton, & Schumacher, 1986;
Sejnowski & Hinton, 1987), Peterson and Skow expected that
if memories of the well-known objects suggested on the
ground side were accessed before the figure was assigned on
the opposite side of the border, then those object memories
should be inhibited when the figure was perceived on the
opposite side of the border. Accordingly, the researchers pre-
dicted that responses requiring activation of the object mem-
ories matching the objects suggested on the ground side of
their figures would be slowed (reflecting the inhibition).

Peterson and Skow (2008) tested this prediction using
silhouettes that were small, enclosed, symmetrical, and
surrounded; these image-based features all favored the inter-
pretation that the region enclosed by the silhouette borders
was the figure. All of the silhouettes were novel in shape (see
Fig. 1). The vertical borders of half of these silhouettes sug-
gested a novel, meaningless shape on the ground side as well
(control silhouettes, Fig. 1a). The vertical borders of the other
half of the silhouettes suggested portions of real-world objects
on the ground side (experimental silhouettes, Fig. 1b).
Importantly, participants perceived the outsides of all silhou-
ettes as shapeless grounds; they did not consciously perceive
the real-world objects suggested on the ground side of the
experimental silhouettes. These silhouettes were shown indi-
vidually and briefly at fixation and were followed immediate-
ly by a line drawing of either a well-known or a novel object.

! Although readers of this article might easily be able to perceive these
real-world objects, the participants in this study were naive: They were
not informed about figure—ground segregation prior to the experiment.
For more information, see the Method section.
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Fig. 1 Samples of novel silhouettes used in Peterson and Skow (2008).
(A)Control silhouettes in which the ground sides (white sides) of the
silhouettes suggested novel, meaningless shapes. (B)Experimental

Participants’ task was to press a key as quickly as possible to
classify the line drawing as portraying a real-world or a novel
object. The critical condition involved line drawings of real-
world objects shown after experimental silhouettes: The line
drawing depicted either another version of the object sug-
gested on the outside of the silhouette or an object from a
different superordinate category. As would be expected if
memories of the well-known objects suggested on the ground
side of the experimental silhouettes were first accessed and
then inhibited when the figure was assigned on the opposite
side, participants were slower to accurately classify line draw-
ings depicting another version of the object suggested in the
ground of the preceding experimental silhouette than an object
from a different superordinate category.” Peterson and Skow’s
(2008) line drawings depicted objects with the same name and
same general shape as the object on the ground side of the
silhouette, yet the line-drawn object and the silhouette had
different borders. Hence, their results index more than the
suppression of the edge units activated by the preceding
silhouette. Therefore, Peterson and Skow’s experiments dem-
onstrated that, contrary to the traditional assumption, memo-
ries of object structure are accessed for regions ultimately
perceived as shapeless grounds.

Important questions remained, including “Are the superor-
dinate semantics of the object suggested on the ground side of
a border activated as well as its shape structure? And if so, are

2 Peterson and Skow (2008) found evidence of inhibition only when the
well-known objects were suggested on the ground side of the silhouette’s
borders; evidence of facilitation was obtained when they were sketched
on the figure side, ruling out alternative explanations of their results.

% L
A A

silhouettes in which portions of familiar, real-world objects were sug-
gested on the ground sides of the black silhouettes. Shown here, from left
to right, are boots, butterflies, and bunches of grapes.

they, like memories of object structure, suppressed?”” Research
has shown that coarse category distinctions (e.g., between
figures representing living and nonliving things) are evident
in neural responses within the first 150 ms of processing
(Clarke, Taylor, Devereux, Randall, & Tyler, 2013;
Dell’Acqua et al., 2010; Fabre-Thorpe, 2011; Liu, Agam,
Madsen, & Kreiman, 2009; Thorpe, Fize, & Marlot, 1996).
Given this fast access to category representations, it is possible
that, in addition to memories of object structure, coarse cate-
gory knowledge regarding the objects suggested on the
ground sides of the borders of the experimental silhou-
ettes used by Peterson and Skow (2008) was activated
before perceptual organization had determined that side of
the border to be shapeless. To further understand what
type of processing occurs before figure assignment,
Peterson, Cacciamani, Mojica, and Sanguinetti (2012)
adapted Peterson and Skow’s paradigm to investigate
whether the meaning (semantics) as well as the shape of
objects suggested on the ground side of borders was
accessed.

Peterson et al.’s (2012) participants categorized common
words as naming natural or artificial objects. The words were
presented one at a time; each was preceded by a novel silhou-
ette with a portion of a real-world object suggested on the
ground side of its border (i.e., one of the experimental silhou-
ettes used by Peterson & Skow, 2008). Peterson et al. manip-
ulated the relationship between the word and the object sug-
gested in the ground of the preceding silhouette. The word
named either the same object from the same conceptual cate-
gory (natural or artificial) as the real-world object in the
ground of the silhouette, a different object from the same
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conceptual category, or a different object from a different
conceptual category (see Fig. 2).

Evidence that semantics are accessed for regions ultimately
determined to be grounds could take one of two forms: (1)
responses to same-category words could be slowed relative to
responses to different-category words, indicating that inhibi-
tion of the semantics of objects suggested by regions ultimate-
ly determined to be grounds is similar to the inhibition of
shape reported by Peterson and Skow (2008), or (2)responses
to same-category words could be speeded relative to re-
sponses to different-category words, indicating that the se-
mantics of objects suggested by regions ultimately determined
to be grounds are accessed but not inhibited. The latter result
could be obtained if the competition involved in figure assign-
ment were for the perception of shape near a border, not for
meaning.

As would be expected if semantic knowledge is activated
before figure assignment but, for the most part, is not
inhibited, Peterson et al.’s (2012) participants were faster to
categorize words naming objects from the same category as
the object suggested on the ground side of the preceding
silhouette, relative to words naming objects from a differ-
ent category. The semantic system represents shape prop-
erties as well as other semantic features (Tyler & Moss,
2001). Consistent with this result and those of Peterson
and Skow (2008), Peterson et al. also found evidence that
the shape features of the object suggested in the ground
were inhibited: For same-category words, participants

categorized words naming the same object that was sug-
gested in the silhouette’s ground more slowly than words
naming a different object from the same category. Thus,
Peterson et al. provided supporting evidence that shape
features for objects on the ground side of a figure are
inhibited, but importantly, their results also suggest that
this inhibition does not apply to non-shape aspects of
semantics.

Although Peterson et al.’s (2012) findings imply that
coarse category knowledge is activated for shapes on the
ground side of borders and, unlike shape properties, is not
suppressed, there remains a compelling alternative explana-
tion: that the features of the silhouette borders per se, rather
than the semantics of the objects suggested on the ground
side, activated natural versus artificial object semantics and
were responsible for the shorter word categorization
response times in the same- versus different-category condi-
tions. Natural objects are more likely to have curved
borders, whereas artificial objects are more likely to have
straight borders (Kurbat, 1997; Zusne, 1975). If the silhou-
ette borders per se had these different features by virtue of
suggesting different categories of objects on their ground
sides, then the presentation of silhouettes with these different
features just before the words may have activated the coarse
semantics of natural versus artificial objects, thereby speed-
ing categorization responses to same-category words and
slowing responses to different-category words. According
to this alternative account, semantic access from the objects

Fig. 2 Stimuli and conditions
used in Peterson et al. (2012). The
two rightmost columns (the

Word
Category

Same object

Different object
Same category

Different object
Different category

different-object conditions) were
also used in the present study. The
arrows represent time. The words
were presented centered on the
same location as the previously
displayed silhouettes. Portions of
real-world objects are suggested
in the ground regions of all of the
novel silhouettes. The real-world
objects shown here, from left to
right, are (top row) hands, leaves,
and axes; (bottom row) anchors,
umbrellas, and seahorses.

Natural

hand

deer ant

Artificial

(man-made) 1

anchor

! !

scissors saucepan
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suggested on the ground sides did not play a role in the
results reported by Peterson et al. Because this alternative
explanation of their results cannot be ruled out, those results
do not challenge the traditional assumption that semantic
activation occurs for figures and not for grounds.

Preliminary experiment

As a preliminary test of the feasibility of this alternative
interpretation, we asked eight naive viewers to rate the curva-
ture of the borders of Peterson et al.’s silhouettes on a scale
from O (completely straight) to 100 (completely curved).
These pilot data showed that silhouettes that suggested por-
tions of natural objects on their ground sides were indeed rated
as being curvier than those that suggested portions of artificial
objects on their ground sides [mean ratings of 67.0 and 36.9,
respectively; #7) = 6.75, p < .001]. Therefore, taken alone,
Peterson et al.’s (2012) study cannot answer the question of
whether semantics are accessed for an object suggested on the
ground side of a border: Their participants’ responses may
have been primed by features of the borders of the figures
themselves, rather than by the semantics of the objects sug-
gested on the ground side of the borders. If the alternative
interpretation is correct, the previous results cannot speak to
whether semantics are accessed for the objects suggested on
the ground side, nor can they speak to the question of whether
or not semantics are suppressed, if activated. Because the
answers to these questions are critically important for under-
standing how object perception occurs, the present study was
conducted to better test this question.

The present study

In the present study, we sought evidence that the semantics
of objects that were suggested on the ground side of the
borders of a figure were accessed in the course of figure
assignment by presenting the silhouettes in two orientations:
their original orientation, in which the object suggested on
the ground side of the border was in its familiar, upright
orientation (henceforth, the “upright orientation™), and an
orientation in which the object suggested on the ground side
of the border was upside down (henceforth, the “inverted
orientation”). The features of the borders (curved vs.
straight) remain the same over the change in orientation
from upright to inverted. Hence, if those features are respon-
sible for the faster response times in the same- versus
different-category conditions tested by Peterson et al.
(2012), the same pattern should be obtained regardless of
the orientation of the silhouette preceding the word.
However, inverting stimuli that depict objects with a typical
upright orientation slows access to memories of object

structure (Joliceceur, 1985; Oram & Perrett, 1992).
Moreover, Peterson and colleagues found that influences
from object memories on figure assignment are substantially
reduced by stimulus inversion (Gibson & Peterson, 1994;
Peterson & Gibson, 1994a, b; Peterson et al., 1991), leading
them to conclude that only object memories accessed quick-
ly after stimulus onset can influence figure—ground percep-
tion. We reasoned that if the semantics of objects suggested
on the ground side of a silhouette's borders are accessed,
then we should observe faster word categorization response
times in the same- versus the different-category conditions
when upright, but not inverted, silhouettes precede the
words. Since Peterson and Skow (2008) and Peterson et al.
(2012) have already shed light on access to and the suppres-
sion of structural information pertaining to grounds, the
present study focuses solely on semantics; thus, only the
two different-object conditions were tested here: same-
category and different-category (see the two rightmost
columns of Fig. 2).

The present study had a second aim: if semantics are
accessed for grounds, to gauge whether they are subsequent-
ly suppressed (as object features are), and if not, to gauge
how long semantic activation lasts. To this end, we manip-
ulated the silhouette-to-word stimulus onset asynchrony
(SOA). Peterson et al.(2012) used a silhouette-to-word
SOA of 83 ms. Here, we tested longer SOAs, so that if
we replicated their results with upright but not inverted
silhouette primes, we could simultaneously extend them to
a longer SOA.

Moreover, using longer SOAs allowed us to test the possi-
bility that the semantics of objects suggested on the ground
side of a figure’s borders are accessed and, like structural
information, ultimately suppressed. This might be the case if
it takes longer to access semantic information than structural
object properties. Given that it is likely that activation pre-
cedes inhibition, the 83-ms SOA used by Peterson et al.
(2012) may have assayed the time when semantic information
was activated. Testing longer SOAs would allow us to better
investigate whether nonshape attributes of the object sug-
gested on the ground side of a border (i.e., semantics/mean-
ing) are not suppressed when that object loses the competition
for figural status, as might be expected if the competition
occurs between shape properties only, or instead, whether
semantics are suppressed, albeit later in time.

Précis

In Experiment 1, participants were significantly more efficient
at categorizing words when they followed silhouettes that
suggested upright portions of real-world objects from the
same rather than from a different category on their ground
sides; importantly, this pattern was not observed when the
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silhouettes were inverted. Thus, Experiment 1 replicated
and extended the results reported by Peterson et al.
(2012). Here, replication was obtained under conditions
designed to allow us to rule out an interpretation in which
responses were affected by the features of the silhouette
figures per se, rather than by activation of the semantics of
the objects suggested in the grounds of the silhouettes.
Experiment 1 showed that semantic activation from
grounds can be assayed using a silhouette-to-word SOA
of 133 ms—Ilonger than the 83-ms SOA at which
Peterson et al. observed semantic facilitation and Peterson
and Skow (2008) observed shape suppression, and longer
than the 100-ms SOA at which Peterson and Skow were no
longer able to measure suppression of responses to the
shape of the object suggested on the ground side of their
stimuli. Experiment 2 used silhouette-to-word SOAs of 166
and 250 ms to further test whether suppression of the
semantics of the shape suggested on the ground side of a
border occurs later in time. Once again, no evidence of
suppression was observed at either SOA. Moreover, the
166- and 250-ms SOAs were not sufficient to produce a
measurable facilitation of semantic categorization responses,
either. Therefore, Experiment 2 sets limits on the longevity
of semantic activation initiated by objects suggested on the
ground side of a border.

Experiment 1
Method

Participants Thirty-four undergraduate students (25 female, 9
male) from the University of Arizona participated in this
experiment in order to partially fulfill course requirements.
Participants gave informed consent before taking part in the
experiment. All participants were native English speakers and
reported normal or corrected-to-normal visual acuity. An ad-
ditional 13 participants were removed from the analysis: Of
these, three had error rates that exceeded our criterion (>15%
incorrect), six had a mean score in at least one condition that
differed from the condition mean by more than two standard
deviations (these participants were classified as “outliers™),
and four were removed because they indicated in post-
experiment questioning that they were aware of the real-
world objects in the grounds of at least one of the silhouettes
(see the Procedure section for a discussion of our post-
experiment questions).

Stimuli and apparatus The stimuli consisted of both words
and silhouettes (listed by condition in the Appendix). The
words (N = 32) were those used by Peterson et al. (2012);
all of the words named concrete objects that were either
natural (N = 16) or artificial (N = 16). Extreme care was taken
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in these experiments to ensure that the words used in the same-
category condition were equated with those used in the
different-category condition with regard to length, word
frequency, and baseline response time—factors that have
been shown to affect categorization response times (see
Peterson et al., 2012, for more information). The words
subtended an average of 0.6° x 1.7° of visual angle in
height (H) and width (W), respectively, and were pre-
sented in black Times New Roman font centered on a
white background.

The silhouettes (N = 32) were those used by
Peterson et al. (2012). The silhouettes were small, enclosed,
and symmetric, such that classic Gestalt configural cues
favored perceiving the inside, black region as the figure
(see the stimuli in the rightmost two columns of Fig. 2).
The black region inside the silhouette’s borders always
portrayed a novel shape; however, portions of real-world
objects were suggested in the white region on the outside
of the vertical borders of each silhouette. The stimuli were
designed so that participants would see the white region as
the ground to the black silhouettes and be unaware of the
real-world objects suggested in the grounds. (See below for
the post-experiment questioning procedure used to ascertain
that participants were indeed unaware of the objects sug-
gested in the silhouette grounds.) Half of the real-world
objects suggested on the ground side of the silhouettes were
natural objects (N = 16), and half were artificial objects
(N = 16). All of the silhouettes subtended an average visual
angle of 2.9° H x 3.4° W and were presented centered on a
white background that was 17.4° H x 22.6° W, adding
surroundedness to the cues favoring the inside of the silhou-
ette as being the figure.

All of the words named different objects than those shown
on the outside of the silhouettes. The silhouettes and words
were paired in two conditions (see the right two columns of
Fig. 2): same-category (N = 16) and different-category
(N = 16). In the same-category condition, the real-world
object suggested on the ground side of the silhouette
was from the same conceptual category (natural or
artificial) as the object named by the word shown after-
ward. In the different-category condition, these concep-
tual categories differed in that one was natural whereas
the other was artificial.

A 21-in. Sony CRT monitor and a personal computer
were used to present the stimuli and record responses.
Participants viewed the monitor from a distance of
96 cm and utilized a chinrest to maintain their head
position and viewing distance. Participants used a foot
pedal to initiate each trial and to advance through the
instructions. Responses were recorded using a custom
response box with two horizontally arranged buttons.
The presentation software was DMDX (Forster &
Forster, 2003).
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Design and procedure Instructions were presented on the
computer screen and were simultaneously read to the
participant by the experimenter. Participants were told that
their task was to categorize words as naming natural or
artificial objects as quickly and as accurately as possible.
Natural objects were defined as items found in nature (i.e.,
animals and plants), and artificial objects were defined as
man-made items (i.e., tools, appliances, and instruments).
The participants responded using a button box with the left
and right buttons labeled “natural” and “artificial” (assign-
ments of the buttons to these categories were balanced
across participants).

A sample trial is shown in Fig. 3. Each trial began with a
fixation cross. When the participant’s eyes were fixated on the
cross and they were ready for a trial to begin, they pressed the
foot pedal. Upon foot pedal press, a black silhouette was
displayed for 50 ms, followed by a blank white screen for
83 ms (producing a silhouette-to-word SOA of 133 ms). A
word then appeared in the center of the screen, and partici-
pants pressed a button to indicate their category response.
Response times (RTs) were recorded from the onset of the
word. After participants responded (or after 1,500 ms had
elapsed), the fixation cross for the next trial appeared.

Before the experimental trials, participants were given 16
practice trials (eight words naming natural objects and eight
words naming artificial objects, randomly intermixed). The
silhouettes presented during the practice trials portrayed novel
shapes on the outside as well as the inside of their borders (i.e.,
no real-world objects were suggested in the grounds of the
silhouettes used on practice trials). The words and silhouettes
presented in the practice trials were not used during the
experimental trials. Participants were given feedback (“cor-
rect” or “wrong”) on their performance on the practice trials,
but not the experimental trials.

Thirty-two experimental trials followed the practice trials.
The silhouettes were upright for half of these trials (N = 16;
eight same-category, eight different-category) and inverted for
the remaining half (N = 16; eight same-category, eight differ-
ent-category). Upright and inverted trials were randomly
intermixed. The orientation of a given stimulus was balanced
across participants, with half of the participants viewing a
given stimulus upright and half viewing it inverted.

Post-experiment questioning After the experimental trials,
participants were asked a series of detailed questions to deter-
mine whether they saw (or thought they saw) any of the real-
world objects suggested on the ground sides of the silhouettes.
Participants typically reported that they did not see any real-
world objects, because the silhouette presentation time was
short and their attention was focused on the words rather than
the silhouettes. Many remarked that if they noticed anything
before the word, it was simply a black meaningless shape. To
ascertain that participants did not perceive the real-world
objects in the ground, the experimenter showed each partici-
pant a sample silhouette (not used in the experimental trials)
and identified and traced the portion of the real-world object
suggested on the ground side. While doing so, the experi-
menter first asked whether the participant was able to recog-
nize the real-world object that was being traced. After a few
moments, all participants were able to switch their percept
such that they perceived the outside of the silhouette as the
figure, and subsequently were able to recognize the real-world
object (after which they often expressed surprise at its pres-
ence). The experimenter then directly asked whether the par-
ticipant had ever noticed anything similar during the experi-
ment—that is, real-world objects suggested on the outsides of
the silhouettes. The data from participants who reported that
they saw or thought they saw any real-world objects suggested

Fig. 3 Trial structure used in
both Experiments 1 and 2. Shown
here is an upright different-
category trial. The object sug- +
gested by the ground side of the
black silhouette is an anchor,
which is an artificial object,

Fixation cross
(until foot pedal press)

whereas the word “celery” re-
quires a “natural object” response.
The size of the screen frame is
reduced here for illustrative

purposes.

Silhouette
50 ms
Interstimulus interval
83 ms (Exp. 1), 116 ms (Exp. 2A),
or 200 ms (Exp. 2B)
) Word
P (until natural/artificial

response or 1500 ms)
celery
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on the ground sides of the silhouettes at any point during the
experiment were eliminated from the analysis. Our threshold
for elimination was highly conservative: Participants were
removed from the analysis for displaying even the slightest
hint of having seen the real-world objects during the experi-
ment, and they did not have to name any objects that they saw.
The data from four participants were not analyzed for this
reason. The remaining participants reported barely even no-
ticing the presence of the black silhouettes, because their
attention was focused on the words. Thus, we are reasonably
confident that those participants whose data we analyzed
perceived the inside black region as the figure in the briefly
exposed silhouette, as was expected given the Gestalt
configural cues in play (symmetry, small area, closure, and
surroundedness), as well as expectation, attention, and fixa-
tion (Peterson & Gibson, 1994b; Vecera, Flevaris, & Filapek,
2004).

Results

In our data analysis, we observed that high error rates accom-
panied low RTs in some conditions but not in others (see
Table 1). Accordingly, we combined these two measures into
inverse efficiency scores (Townsend & Ashby, 1983; for
recent uses, see Gould, Rushworth, & Nobre, 2011; Kennett
& Driver, 2014; Kimchi & Peterson, 2008; Romei, Driver,
Schyns, & Thut, 2011; Salvagio, Cacciamani, & Peterson,
2012; Urner, Schwarzkopf, Friston, & Rees, 2013). Inverse

Table 1 Mean response times (RTs; top row in each pair) and error rates
(bottom row in each pair) by condition for each experiment

Same Category Different Category
Experiment 1
Upright 615 (13) 650 (14)
.01 (.01) .04 (.01)
Inverted 626 (15) 643 (15)
.04 (.01) .03 (.01)
Experiment 2A
Upright 614 (13) 613 (13)
.03 (.01) .04 (.01)
Inverted 604 (12) 624 (15)
.04 (.01) .04 (.01)
Experiment 2B
Upright 657 (20) 670 (19)
.03 (.01) .02 (.01)
Inverted 654 (17) 690 (24)
.03 (.01) .03 (.01)

The standard error of the mean is in parentheses adjacent to each mean.
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efficiency (IE) scores are determined by dividing the mean RT
by the proportion correct. IE scores combine both speed and
accuracy into one simplified measure; in effect, they adjust
RTs upward for high errors. Thus, a lower IE score indicates
better performance (equivalent to faster RTs).

Mean IE scores for correct categorization responses are
shown in Fig. 4. Categorization responses were more efficient
when the word named an object from the same rather than a
different category from the object suggested on the ground
side of the preceding silhouette. Importantly, this difference
was evident when the silhouettes were upright but not when
they were inverted. A 2 x 2 within-subjects analysis of vari-
ance (ANOVA) on mean IE scores revealed a significant
interaction between category condition (same/different) and
orientation (upright/inverted), F(1, 33) =5.98, p <.03, with a
larger difference between IE scores in the same-category than
in the different-category conditions for upright (625 vs. 680)
than for inverted (656 vs. 666) silhouettes. Follow-up ftests
revealed that the difference between same-category versus
different-category conditions was statistically significant for
upright silhouettes, #33) =4.36, p <.001, but not for inverted
silhouettes, p > .54. Additionally, performance in the same-
category condition was significantly better when the silhou-
ettes were upright than when they were inverted, #33) =2.04,
p = .05, whereas performance in the different-category condi-
tion was not changed by stimulus inversion, p > 42. A
significant main effect of condition, F(1, 33) = 8.196,
p <.01, was subsumed by the interaction between orientation
and category condition.’

The above analyses did not include the three participants
who exceeded our error criterion (>15% incorrect) or the six
participants who were classified as outliers (responses more
than two standard deviations above or below the mean). In
order to determine whether excluding these participants
changed the pattern of our results, a separate IE analysis was
conducted in which these high-error and outlier participants
were included. The same pattern was observed as when those
participants had been removed. Specifically, ftests revealed
that, for upright stimuli, performance was still significantly
better in the same- than in the different-category condition,
#42)=4.00, p <.001 (IE scores of 657 and 716, respectively),
and this difference was not statistically significant for inverted

3 Similar patterns were evident in the RTs and errors. RTs were signifi-
cantly faster for same- versus different-category words when the silhou-
ettes were upright, 7(33) =3.64, p <.01, but not when they were inverted,
p > .11. The interaction between condition and orientation was not
significant in an ANOVA performed on RTs alone, however, F(1, 33) =
2.51, p > .12. Errors rates were significantly lower for same- than for
different-category trials when the silhouettes were upright, #(33) =2.23, p
< .05, but not when they were inverted, p > .10. In addition, error rates
were significantly lower for same-category trials when the silhouettes
were upright than when they were inverted, #33) = 2.42, p < .05. The
interaction between condition and orientation was not significant in an
ANOVA performed on errors alone, however, F(1, 33) =2.73, p> .11.
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silhouettes, p > .24 (IE scores of 687 and 707, respectively).
Additionally, IE scores in the upright same-category condition
were lower than those in the inverted same-category condi-
tion, though with these high variability participants, the dif-
ference was only marginally significant, #(42) = 1.76, p = .08.
This analysis shows that applying our standard procedure of
excluding high-error participants and outliers did not substan-
tially alter the pattern of results; it simply reduced the vari-
ability of our measures.

Discussion

In Experiment 1, we found that word categorization responses
were more efficient when words followed upright silhouettes
that suggested real-world objects from the same rather than
from a different category on their ground sides; inverting the
silhouettes eliminated this effect.

The orientation dependency of our results rules out the hy-
pothesis that the same- versus different-category effects arise
from the relationship between the degree of curvature of the
silhouette borders and the features of objects in the category of
the paired word. Thus, Experiment 1 shows that the coarse
semantics of the object suggested on the ground side of the
silhouette figure are processed, even though that region is ulti-
mately perceived as a locally shapeless ground to the black
silhouette figure. Recall that the participants whose data we
analyzed were unaware of the real-world objects suggested on
the ground side of the silhouettes, as ascertained by rigorous

post-experiment questioning. Thus, the present results provide
the first unequivocal behavioral evidence that coarse category
knowledge is activated for portions of real-world objects sug-
gested on the ground side of the borders of figures, contrary to
the traditional view that semantic knowledge is accessed by
figures only and not by grounds. Indeed, we have definitively
shown that coarse categorization responses are facilitated when
the words that follow upright silhouettes name objects from the
same coarse category (natural vs. artificial) as the object sug-
gested on the ground side of the silhouette, rather than a different
category, and critically, that this facilitation is observed for same-
category words that follow an upright silhouette but not an
inverted silhouette. The orientation dependence of our results is
essential for ruling out the alternative interpretation that responses
are facilitated due to the correspondence between the features of
the borders of the figure per se and the object category named by
the test word. The features of the borders are unchanged with an
orientation change from upright to inverted, yet the speed of
access to object memories and semantic knowledge regarding the
object suggested on the ground side of the silhouette is slowed by
stimulus inversion (Peterson & Gibson, 1994, b; Peterson et al.,
1991). Previous results have shown that this slowing substantial-
ly reduced the influences of object memory on figure assignment.
We assumed that access to semantic associations would also be
slowed by stimulus inversion, and the results of Experiment 1
show that it was.

The results of Experiment 1 show that the semantic knowl-
edge activated by the side of a border ultimately deemed to be
ground rather than figure remains activated for some time after
the silhouette appears—at least long enough to affect catego-
rization responses to words that onset 133 ms after the silhou-
ette (the mean RTs were approximately 625 ms). The contin-
ued activation of the semantics associated with the object
suggested on the ground side of a border contrasts with the
suppression of responses to the shape of that object. Peterson
and Skow (2008; Peterson & Kim, 2001) asked participants to
decide whether line drawings shown after silhouettes like
those we used here depicted real-world or novel objects.
Their participants’ object-decision RTs were slowed when
the line drawing depicted the same object as was suggested
on the ground side of the border of the preceding silhouette,
rather than a different object. They took their data as evidence
that responses to the shape of the object that loses the compe-
tition to be seen as figure are suppressed. Our data suggest
that, although suppression is applied to the shape properties of
the losing competitor (which have a direct bearing on object
perception across the border), it is not applied to other related
aspects of the losing competitor, such as its semantics.

A remaining question, however, was whether it simply
takes longer for suppression to be applied to semantic than
to shape properties. Peterson and Skow (2008) observed evi-
dence of suppression of shape properties using a silhouette-to-
line-drawing SOA of 83 ms, but not with a 100-ms SOA.
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Peterson et al. (2012) observed evidence of semantic facilita-
tion (rather than suppression) using an 83-ms silhouette-to-
word SOA. In Experiment 1, we extended the SOA by 50 ms,
and once again observed evidence of semantic facilitation
using a 133-ms silhouette-to-word SOA. To provide a strin-
gent test of whether semantic information is suppressed some-
what later in time, in Experiment 2 we tested silhouette-to-
word SOAs of 166 ms (Exp.2A) and 250 ms (Exp.2B).

There were three possible outcomes of Experiment 2: (1)
Participants’ performance might be worse for same- than for
different-category words following upright but not inverted
silhouettes, indicating that the semantics of the losing com-
petitor for figural status are accessed and suppressed as
shape is; it just required a longer silhouette-to-word SOA
to observe the suppression. (2)Participants’ performance
might remain better for same- than for different-category
words following upright but not inverted silhouettes, indi-
cating that semantic activation persists beyond that measured
with a 133-ms silhouette-to-word SOA. (3)Participants’
responses might no longer be different for same-category
than for different-category words following upright
silhouettes; such a result would place a limit on the temporal
persistence of semantic activation arising from an object
suggested by grounds, at least as measured by word catego-
rization responses.

An extensive masked-priming literature has suggested that
semantic facilitation decays over time, favoring the third possible
outcome. For instance, many studies have found evidence of
semantic priming with short prime-to-target SOAs (under
150 ms; Dehaene et al., 1998; Forster & Davis, 1984; see
Forster, Mohan, & Hector, 2003 for a review), but not with
longer SOAs (Bueno & Frenck-Mestre, 2008; Greenwald,
Draine, & Abrams, 1996), although factors such as prime dura-
tion, task, prime-target similarity, and target duration can affect
the SOAs over which priming is observed (Bueno & Frenck-
Mestre, 2008; Hutchinson, 2003; Lucas, 2000; McRae &
Boisvert, 1998; Plaut, 1995). Hence, if no evidence of suppres-
sion were to be observed, Experiment 2 might begin to identify
the temporal limits of semantic activation from objects suggested
on the ground side of the silhouette borders.

Experiment 2
Method

Participants Thirty-four (24 female, 10 male) and 27 (19
female, 8 male) undergraduate students from the University of
Arizona participated in Experiments 2A and 2B, respectively,
after giving informed consent in order to partially fulfill course
requirements. All of the participants were native English speakers
and reported normal or corrected-to-normal visual acuity. In
Experiment 2A, the data from an additional 19 participants were
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removed from the analysis: Of these, four had an error rate
greater than 15%, 13 were classified as outliers, and two were
removed because they indicated in post-experiment questioning
that they were aware of (or might have been aware of) the real-
world objects on the ground side of the silhouettes. In
Experiment 2B, the data from an additional 18 participants were
removed: four were classified as outliers, eight exceeded our
error criterion, and six reported being aware of the real-world
objects in the ground.

Stimuli and apparatus The stimuli and apparatus in
Experiment 2 were identical to those of Experiment 1.

Design and procedure The design and procedure were the
same as in Experiment 1, with one exception: After the
silhouette had appeared on the screen for 50 ms, the blank
white screen was presented for 116 ms in Experiment 2A and
200 ms in Experiment 2B. Hence, the silhouette-to-word
SOAs were 166 and 250 ms, respectively.

Results and discussion

The mean IE scores for correct categorization responses are
shown in Fig. 5, where it is clear that evidence of semantic
activation arising from objects suggested on the ground side of
the border of the silhouette was not detected with silhouette-
to-word SOAs of 166 or 250 ms, nor did we find evidence of
semantic suppression (Figs. 5A and 5B, respectively).

Experiment 24 Mean IE scores in the same- and different-
category conditions for the upright condition were approxi-
mately equal (637 and 639, respectively). A 2 x 2 within-
subjects ANOVA with factors of match between the categories
of the word and the object suggested on the ground side of the
silhouette (same/different) and orientation (upright/inverted)
revealed no significant main effects or interactions, all ps >
461

A separate analysis was conducted that included the four
high-error participants and the 13 outliers, in order to deter-
mine whether removing these participants changed our pattern
ofresults. A 2 x 2 within-subjects ANOVA on participants’ I[E
scores with the factors Orientation (upright/inverted) and
Category Condition (same/different) revealed no significant

4 A2 x 2 within-subjects ANOVA on mean RTs with the factors Category
Condition (same/different) and Orientation (upright/inverted) revealed no
significant main effects or interactions, ps> .18. Moreover, tests reveal
no significant differences between any two conditions, ps>.10. The same
analysis conducted on participants’ error rates also showed no significant
main effects or interactions, ps> .73. Additionally, rtests revealed no
significant differences between any of the conditions, ps> .80. See
Table 1 for the mean RTs and error rates.
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main effects or interactions, ps >.15. Additionally, follow-up ¢
tests revealed no significant differences between any two
conditions, ps > .10. Thus, as in Experiment 1, we can be
certain that removing those participants from our primary
analysis did not substantially alter our pattern—in this case,
a lack of significance.

Experiment 2B Mean IE scores in the same- and different-
category conditions for the upright condition were approxi-
mately equal (680 and 690, respectively). A 2 x 2 ANOVA on
IE scores with the factors orientation (upright/inverted) and
category condition (same/different) revealed no significant
main effects or interactions, ps > .15. Additionally, ztests
showed no significant differences between any of the condi-
tions, ps > .12, indicating that performance was equivalent
across both conditions and both orientations.”

A separate analysis was conducted that included the 18
high-error participants removed from the main analysis in
Experiment 2B. A 2 x 2 within-subjects ANOVA on IE scores
with the factors orientation (upright/inverted) and category
condition (same/different) revealed no significant main effects
or interactions, ps > .23. Additionally, follow-up ztests re-
vealed no significant differences between any two conditions,
ps > .32. This lack of significance indicates that removing
these participants did not alter our pattern of results.

Comparison to Experiment 1 In order to compare the mean IE
scores in Experiment 2 to those in Experiment 1, we conduct-
ed a between-subjects three-way ANOVA with the factors
category condition (same/different), orientation (upright/
inverted), and Experiment (Exp. 1/Exp. 2) for Experiments

> A 2 x 2 within-subjects ANOVA on mean RTs with the factors Category
Condition (same/different) and Orientation (upright/inverted) revealed no
significant differences, ps> .14. The same analysis conducted on partic-
ipants’ error rates also showed no significant main effects or interactions,
ps>.65. See Table 1 for the mean RTs and error rates.

A. Experiment 2A

B. Experiment 2B

®Same Category O Difterent Category

Inverted Upright Inverted

I 250-ms SOA I

2A and 2B. A significant three-way interaction was obtained
for both ANOVAS [i.e., comparing Exp.1 to 2A, F(1, 66) =
3.99, p=.05, and Exp.1 to 2B, F(1, 59) =3.95, p = .05]. This
finding indicates that unlike the participants in Experiment 1,
the participants in Experiments 2A and 2B did not perform
better on same- than on different-category trials in the upright
condition (cf. Fig. 4 to Figs. 5A and 5B), whereas participants
in all experiments showed no difference in performance in the
inverted condition. In other words, semantic activation was no
longer evident in the categorization responses to words that
appeared 166 ms after silhouette onset, nor did we find any
evidence of semantic suppression. The results of Experiment
2B show that the 166-ms SOA condition (Exp.2A) is not just
a null point between facilitation and suppression. The three-
way ANOVAs also revealed no main effect of experiment (ps
> .30 and .12 for Exps. 2A and 2B, respectively), indicating
that overall performance was not significantly different be-
tween the experiments (the mean IE scores were 656, 637, and
692 for Experiments 1, 2A, and 2B, respectively).

Our results, together with those of Peterson et al. (2012),
show that the semantics of the object suggested on the ground
side of the silhouette are activated and are not suppressed.
Although the present experiment cannot assess exactly how
long semantic activation lasts, on the basis of the results of
Experiment 2, we can conclude that it decays to a level such
that it can no longer be measured in semantic categorization
responses within 800 ms (determined by adding the 166-ms
SOA to the mean IE scores).

General discussion
The primary aim of the present study was to provide a strin-

gent test of whether semantic information can be accessed for
the side of a border ultimately determined to be a shapeless
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ground. The traditional, serial-processing view of object per-
ception states that visual information is processed in a unidi-
rectional, feedforward-only manner, and semantics are
accessed only for the perceived object (the figure), not for
the ground (Hebb, 1949; Koftka, 1935; Kohler, 1929/1947;
Riesenhuber & Poggio, 1999; Serre, Oliva, & Poggio, 2007;
Zhou et al., 2000). To rigorously test this assumption, we
presented novel silhouettes with portions of real-world objects
suggested (but not consciously perceived) on the ground side
of the borders to naive participants whose task was to catego-
rize subsequently presented words as naming natural or arti-
ficial objects. Using an SOA of 133 ms, we found that partic-
ipants’ natural/artificial categorization responses were signif-
icantly more efficient for words following upright silhouettes
whose grounds suggested an object from the same category
versus a different category as the word; no differences were
observed for inverted silhouettes. Because the orientation of
the silhouettes was varied in Experiment 1, it provides the first
unambiguous behavioral demonstration that prior to figure
assignment, semantics are accessed for regions that suggest
portions of upright well-known objects, even though those
regions are ultimately perceived as shapeless, meaningless
grounds.

A previous study (Peterson et al., 2012) had addressed
the same question without manipulating the orientation of
the silhouette. Using an 83-ms silhouette-to-word SOA, they
too found that participants’ natural/artificial categorization
responses were more efficient for words following silhou-
ettes whose grounds suggested an object from the same
category rather than a different category as the word.
However, these previous results were equivocal, because
the authors used upright stimuli only and not inverted stim-
uli. Therefore, it was impossible to know whether the results
truly assayed semantic activation by the object suggested on
the ground side of the silhouette, or whether the different
features of the silhouette borders per se activated natural
versus artificial objects. Our addition of the orientation
manipulation allowed us to confidently attribute our results
to semantic access for the objects suggested on the ground
side of the silhouette border. Indeed, inverting the stimuli
leaves the curved versus straight border features of the
silhouettes unchanged, but slows access to object memories
such that they do not exert an influence on figure assign-
ment (Peterson & Gibson, 1994a, 1994b; Peterson et al.,
1991), nor do they robustly activate semantics. Therefore,
the results of Experiment 1 contradict the traditional view
that semantic access occurs for figures only and not for
grounds, and thus significantly contributes to our under-
standing of object perception.

Recent neurophysiological evidence has supported our
claim that the meaning of objects suggested on the ground
side of a border is assessed in the course of figure assignment.
Sanguinetti, Allen, and Peterson (2014) found that a neural

@ Springer

marker of semantic processing, the N400 event-related poten-
tial, was modulated in a repetition paradigm by meaningful
objects suggested in the ground regions of silhouettes like the
ones used in the present study, despite the fact that participants
were not consciously aware of them. The present results
provide the necessary behavioral evidence that allow the
N400 waveforms to be interpreted as evidence that the seman-
tics of the objects suggested on the ground side of the border
of the silhouette figures were accessed. It is important to note
that without the behavioral results that we report here, the
neurophysiological evidence is insufficiently constrained.
Conversely, Sanguinetti et al.’s data provide converging neu-
rophysiological evidence for our behavioral data.

These results also substantially extend the existing research
on unconscious semantic access. Although evidence of im-
plicit semantic influences from unperceived items has been
found in many different paradigms (e.g., Costello, Jiang,
Baartman, McGlennen, & He, 2009; Dell’Acqua &
Grainger, 1999; Goodhew, Visser, Lipp, & Dux, 2011;
Greenwald et al., 1996; Huckauf, Knops, Nuerk, & Willmes,
2008; Koivisto & Revonsuo, 2007; Luck, Vogel, & Shapiro,
1996; Van den Bussche, Van den Noortgate, & Reynvoet,
2009), no previous behavioral studies had investigated wheth-
er semantic activation arises from objects suggested in regions
that perceptual organizing processes have determined to be
shapeless grounds. Thus, the previous studies did not chal-
lenge the traditional assumption that semantic access occurs
for figures and not for grounds, as the present study does.

An alternative to the traditional sequential-processing view
is that perception entails a nonselective fast, feedforward pass
of processing in which objects that might be perceived are
processed to the highest levels, and that perceptual organiza-
tion operating via interactive feedforward and feedback pro-
cessing loops later selects objects that will be perceived
(Bullier, 2001; Lamme & Roelfsema, 2000; see Peterson &
Cacciamani, 2013, for a review). Our findings demonstrate
that grounds are processed at higher levels than has been
supposed in the traditional account. Therefore, our results
are consistent with the proposal that the first pass of process-
ing is nonselective. The present results do not provide evi-
dence that feedback is involved in figure—ground perception,
although other research has (e.g., Likova & Tyler, 2008;
Salvagio et al., 2012; Strother, Lavell, & Vilis, 2012).

It is interesting to consider why Peterson and Skow (2008)
found evidence that the shape features of unperceived objects
in grounds are suppressed, such that responses to subsequent-
ly presented line drawings containing those features are
slowed, whereas we found evidence that the semantics of
objects suggested in grounds are not suppressed, in that re-
sponses to subsequently presented words are speeded. These
differing findings may be due to the fact that shape features
undergo inhibitory competition for figural status, which leads
to suppression of the loser (see Likova & Tyler, 2008;
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Salvagio et al., 2012), but this competition—and the resulting
suppression—does not extend to high-level semantic
information.®

Additionally, the present study and Peterson and Skow’s
(2008) study employed different tasks, which may also ac-
count for the differing findings. Peterson and Skow’s partici-
pants reported whether a line drawing depicted a real-world or
a novel object—a task designed to probe object shape. The
categorization task used in the present experiments may, too,
have required access to object shape, since shape information
may be included in a larger semantic network (Tyler & Moss,
2001); however, given the high level of categorization needed
(natural vs. artificial), activation of the broader semantic sys-
tem was also necessary. Thus, it is likely that both semantics
and shape information were accessed in both studies, but the
resulting effects on responses (speeding or slowing) might
have depended on the information required for the task and
conditions. Consistent with this, Peterson et al. (2012) found
evidence suggesting that both shape information and seman-
tic information are accessed for grounds but have differential
effects on behavior. They included a condition in which the
word named the same object that was suggested on the
ground side of the preceding silhouette. In this condition,
responses were slowed, as compared to a condition in which
a different object from the same category as the upcoming
word was suggested in the silhouette ground (625 vs.
613 ms), consistent with the hypothesis that the part of the
semantic system representing the specific shape suggested
on the ground side was suppressed, and this suppression
reduced activation of the broader natural or artificial object
category. Note, however, that responses in both of these
same-category conditions were faster than those in the
different-category condition (645 ms), which indicates that
semantics were accessed, thereby facilitating responses.
Conversely, in Peterson and Skow (2008), semantics may
have been accessed, and the resulting response facilitation
(though not observed in RTs, due to the object decision task)
might have reduced the degree to which shape suppression
slowed RTs. These interactions between semantics and shape
are interesting to consider and should be explored further in
future studies.

It is not clear whether a lexical decision task or a task
requiring basic-level categorization of the words or lexical
decisions would show a pattern similar to the one that we
report here. Recent work has shown that access to superordi-
nate categorical information may be faster than access to
basic- and subordinate-level access (Macé, Joubert,
Nespoulous, & Fabre-Thorpe, 2009; Mohan & Arun, 2012).

® Even if competition does extend to semantics, there would be little
competition in our stimuli, because the insides of the silhouettes portrayed
novel shapes that lacked meaning, and thus, their engagement in compe-
tition with the meaningful grounds at the level of semantics would be
negligible.

Moreover, neuroimaging studies have shown that access to
superordinate versus subordinate category information re-
cruits different neural resources, with the former involving
the posterior inferior temporal cortex, and the latter activating
more anterior regions, including areas of the medial temporal
lobe (Kriegeskorte et al., 2008; Raposo, Mendes, & Marques,
2012; Tyler et al., 2004). Thus, using a task requiring super-
ordinate categorization as we did in our study may be most
likely to produce an observable effect, although it would be
interesting to investigate whether effects similar to ours would
be observed with a task that required more fine-grained word
categorizations.

Experiment 1 showed that the semantics of the object
suggested on the ground side of the border of a figure are
accessed and, unlike shape properties, are not suppressed.
Experiment 2 used longer silhouette-to-word SOAs in order
to further test whether semantics are suppressed, but at a later
point in time. We found no evidence that semantics are sup-
pressed, even with silhouette-to-word SOAs as long as 166
and 250 ms. We did find, however, that semantic activation
decays over time, such that when the category of the word
matched that of the object suggested in the ground of an
upright silhouette that preceded the word by 166 ms, we were
no longer able to measure facilitation in word categorization
responses.

These results should not be taken as evidence that semantic
activation decays completely between 133 and 166 ms post
silhouette onset. The only conclusion that can be reached is
that semantic activation has decayed sufficiently by 166 ms
after silhouette onset that it no longer exerts a measurable
influence on natural/artificial word categorization perfor-
mance (with IE scores averaging 625-680). It is not known
where in the course of word categorization semantic priming
exerts its influence. We can say that semantic activation al-
most certainly lasts longer than 133 ms, but how much longer
is unknown, in light of the present data. Our results coincide
nicely with the finding in the masked-priming literature that
semantic priming is evident at short but not long SOAs
(Bueno & Frenck-Mestre, 2008; Dehaene et al., 1998;
Forster & Davis, 1984; Forster et al., 2003).

Converging evidence has come from psychophysiology
studies, in which it has been shown that coarse categorical
information pertaining to objects (i.e., figures) is activated
with the first 150 ms of processing (Clarke et al., 2013;
Dell’Acqua et al., 2010; Fabre-Thorpe, 2011; Liu et al.,
2009; Thorpe et al., 1996). Moreover, the semantic activation
is not sustained: The signal dissipates within 150-200 ms of
stimulus onset (Dell’Acqua et al., 2010; Kiefer & Spitzer,
2000). That the effects of semantic access to ground regions
are evident very early and diminish over time is consistent
with the hypothesis that the semantic activation for ground
regions is being accessed on an initial, fast, feedforward pass
through the visual system, prior to the completion of figure
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assignment. Ultimately, the ground region is deemed shape-
less and meaningless, and the high-level semantics that had
been originally activated are no longer active. Hence, our
effects are only observable in participants’ categorization
behavior at short SOAs.

Could it be that, at the longer SOAs tested in Experiment 2,
the silhouette fell outside a temporal attentional window cen-
tered on the target, and therefore could not influence catego-
rization performance (see Naccache, Blandin, & Dehaene,
2002)? We think not, because according to Naccache et al.,
this attentional window extends 200-300 ms prior to the
target; our SOAs fell within this attentional window.

The results of the present study hinge on our assumption
that the insides of the silhouettes were perceived as the figure,
whereas the outsides were perceived as shapeless grounds.
The silhouettes were carefully designed such that the inside
would be perceived as the figure, due to the presence of
Gestalt configural cues such as small area, closure, symmetry,
and surroundedness. Moreover, the silhouettes were centered
on the participant’s fixation point, and fixated regions are
more likely to be perceived as figures (Peterson & Gibson,
1994b). In addition, expectation has an effect on perception,
and participants expected to see a closed silhouette on
each trial. To be certain that we included data only from
participants who perceived the insides of the silhouettes
as figures, we asked participants in rigorous post-
experiment questioning whether they had perceived any
of the real-world objects in the ground, as we have
done in previously published studies using these stimuli
(Peterson & Kim, 2001; Peterson & Skow, 2008;
Salvagio et al., 2012; Sanguinetti et al., 2014; Trujillo,
Allen, Schnyer, & Peterson, 2010). If participants re-
ported that they saw any real-world objects (or even
thought they had), their data were eliminated from the
analysis (four participants in Exp.1, two participants in
Exp.2A, and six participants in Exp.2B). Because we
asked these questions only after the experiment, the
possibility that participants may have noticed the real-
world objects during a trial but simply forgot them by
the end of the experiment can never be fully ruled out.
We could not ask observers whether they saw the real-
world objects on the ground side of the borders after
each trial. Had we done so, we would have alerted
participants to their presence, which likely would have
changed their behavior such that they began to look for
objects in the grounds, and this would have sabotaged
our intention to probe semantic access for objects sug-
gested in the grounds. Given our extensive questioning
and conservative elimination threshold, we are reason-
ably confident that the participants whose data were
included in the analyses did not consciously perceive
the real-world objects suggested on the ground sides of
the silhouettes. In a related experiment, Sanguinetti
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et al. (2014) found that an event-related potential (the
P600) that indexes recognition memory was observed
for repetitions of silhouettes that portrayed real-world
objects on the figure sides of their borders, but not for
repetitions of silhouettes that that suggested real-world
objects on the ground sides of their borders. Had their
participants been aware of the real-world objects sug-
gested in the grounds, even on a trial-by-trial basis, the
P600 should have been larger with repetition, and yet it
was not. This is corroborating evidence for participants’
self-reports at the end of our study.

Conclusion

This study has uncovered two important findings that
significantly increase our understanding of figure—ground
segregation. First, we have demonstrated that the seman-
tics of objects that are suggested on the ground side of a
figure are activated in the course of figure assignment.
This novel result contradicts traditional views of object
perception that state that semantic access occurs only for
regions ultimately perceived as figures, not for regions
determined to be grounds at the borders they share with
figures. Instead, our study supports the notion that object
perception entails a nonselective fast pass of processing
during which the regions vying for figural status are
processed to high levels. Indeed, we have shown that
regions ultimately perceived as shapeless, meaningless
grounds are processed to the level of semantics prior to
or during figure assignment. Second, we have demonstrat-
ed that semantic information activated for objects sug-
gested on the side of a border that is ultimately perceived
as a ground is not suppressed, unlike the shape properties
of those objects. The activation of semantic knowledge is
short-lived, although at least as assayed by categorization
responses, it seems to be longer-lived than the suppression
of shape properties. This result is further evidence in
support of a fast, nonselective evaluation of regions that
could be perceived as objects, regardless of final figural
status. Together, these results support a dynamical view of
object processing that posits that high and low levels of
the visual hierarchy interact in evaluating both figures and
grounds in order to produce a final percept.
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Appendix
Condition Category  Object Suggested in ~ Word
Silhouette Ground
Same-Category  Artificial  bell rope
coffeepot ferryboat
jet hat
lamp flag
umbrella scissors
watering can measuring tape
wrench napkin
train radio
Natural bunny whale
butterfly blueberry
duck wolf
leaf deer
pig egg
pineapple cranberry
bear rose
eagle puppy
Different- Artificial  elephant suitcase
Category flower wallet
grapes diaper
hand book
owl jar
seahorse saucepan
woman watch
dog car
Natural anchor celery
axe ant
boot Crow
faucet gopher
guitar peanut
house heart
hydrant mangoes
trumpet rooster
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