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The extent to which scenes are categorized and understood in the absence of attention has been the focus
of a continuous debate over the last decade. Most studies investigating this question have used
experimental paradigms in which participants explicitly searched for a certain scene category, or
alternatively, scenes were task-irrelevant yet their identity was explicitly reported by participants.
Although the first type of studies may have overestimated unattended scene processing, the latter type of
studies may have underestimated scene processing due to the reliance on subjective response criteria and
on working memory capacity limits. The present research examined scene processing by using an
implicit, online behavioral measure which assessed the influence of both task-relevant (i.e., to-bedetected) and task-irrelevant distractor scenes on behavior. The effect of scene categorization was
compared when scenes were fully attended (Experiment 1) versus when they were positioned in an
unattended location and served as relevant/irrelevant distractors (Experiments 2 and 3). Our results
demonstrated that in contrast to attended scenes, unattended distractor scenes which were not part of
one’s task-set were not automatically categorized and did not exert influence on performance. Critically,
however, the very same scene distractors affected behavior when they contained a to-be-detected
category, suggesting a qualitative dissociation between task-relevant and task-irrelevant distractors. Our
study provides a systematic examination of scene distractor processing outside the focus of visual
attention and a framework that may reconcile previous conflicting evidence.

Public Significance Statement
Can one perform a demanding task and at the same time respond to peripheral stimuli which are
located outside his or her focus of attention? This question has been in the heart of a long-lasting
debate. The present study investigated whether people are able to perceive and conceive a scene’s
“gist” (i.e., its general meaning) under conditions in which the scene is unattended, namely, it is
presented in a peripheral location and it is strictly irrelevant to one’s current goals. The findings
showed that in contrast to common belief, irrelevant unattended scenes are not processed to a high
level. Interestingly, however, when a scene is relevant to one’s goals (e.g., when searching for a
“nature” scene among other scene categories), the specific scene (e.g., “nature”) is processed even
when presented in a peripheral location. The study suggests, then, that task-settings largely influence
what we see and understand outside the focus of our attention.
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nisms, and triggering renewed interest and controversy in recent
years. Traditional views of early selection attention have typically
argued that visual recognition necessitates focal attention (e.g.,
Broadbent, 1958; Treisman & Gelade, 1980). Late-selection models, in contrast, have contended that stimuli may be processed up
to a rather high level in a pre-attentive fashion (e.g., Deutsch &
Deutsch, 1963; Duncan, 1984). Although the early- versus lateselection debate subsided during the 1990’s (partially due to the
Perceptual Load theory proposed by Lavie, 1995), a new wave of
studies in recent years has brought the subject back to front stage.
In contrast to most early research, these studies have used realistic
photographs of real-world objects and scenes, arguing that such
stimuli benefit from extensive training and high familiarity levels,
and as such, they form a unique class of stimuli that are detected
and recognized even in the near absence of attention (e.g., Li,
VanRullen, Koch, & Perona, 2002; Otsuka & Kawaguchi, 2007;

A central question in the field of attention concerns the detection, categorization and identification of stimuli in the absence of
visual attention. This issue has a long history, dating back to
pioneering studies investigating the nature of attentional mecha-
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Poncet, Reddy, & Fabre-Thorpe, 2012; Reddy, Reddy, & Koch,
2006; see also Kihara & Takeda, 2012; Mack & Rock, 1998;
Munneke, Brentari, & Peelen, 2013). Other studies, however, have
failed to replicate the findings of ‘attention-free’ image categorization and recognition, casting doubt on the notion of unlimited
capacity for object and scene recognition (e.g., Cohen, Alvarez, &
Nakayama, 2011; Evans & Treisman, 2005; Mack & Clarke, 2012;
Potter & Fox, 2009; Scharff, Palmer, & Moore, 2011; Walker,
Stafford, & Davis, 2008). And yet more recent studies have shown
that at least under certain circumstances, scene content may be
processed automatically (Greene & Fei-Fei, 2014) and may cause
an involuntarily capture of spatial attention (e.g., Reeder, van
Zoest, & Peelen, 2015; Seidl-Rathkopf, Turk-Browne, & Kastner,
2015; Wyble, Folk, & Potter, 2013), further suggesting that highlevel conceptual information may be registered outside the main
focus of visual attention and may affect responses to a current task.
The present study used a novel methodological approach to
further examine the necessity of visual attention to scene “gist”
recognition,1 while attempting to shed light on the largely inconsistent findings in the attention literature. Critically, although
many previous studies have examined scene categorization under
conditions in which scene content was relevant to task requirements, the present study focused on gist extraction of strictly
task-irrelevant scene images, and on the potential differences between such task-irrelevant and task-relevant distractor stimuli.
Note that the unique status of stimuli possessing task-relevant (i.e.,
to-be-detected) information has long been documented (e.g., Folk,
Remington, & Johnston, 1992), however, the dissociation between
such stimuli and task-irrelevant stimuli has often been overlooked
when studying and discussing the necessity of visual attention to
scene gist recognition. Elucidating the conditions under which real
world scenes are filtered out when appearing outside the main
focus of attention, thus, could be fundamental to the understanding
of the operation of the attentional mechanism, and more specifically, to comprehending the limits and constraints of image perception in natural viewing situations.

Why Scenes?
Scenes are rich visual structures that can be characterized by
various large-scale properties, such as spatial layout, surface and
color, yet they also contain local objects that may be highly
indicative of their content and meaning. Ample research investigating the perception of natural scenes has suggested that when
using very brief exposure durations (e.g., ranging 20 –100 ms)
subjects are able to grasp the main theme, or the gist of the scene
(Biederman, 1972; Fabre-Thorpe, Richard, & Thorpe, 1998; FeiFei, Iyer, Koch, & Perona, 2007; Greene & Oliva, 2009; Potter,
1976; Rousselet, Joubert, & Fabre-Thorpe, 2005; Schyns & Oliva,
1994). For instance, when viewing a scene for an extremely short
duration, participants mainly grasp coarse sensory information that
may contribute to superordinate categorization, such as the general
shape or the amount of light and darkness in the image. With
somewhat longer exposures, the extraction of additional global
details is possible, allowing a finer, basic-level categorization (e.g.,
Fei-Fei et al., 2007; Greene & Oliva, 2009; Oliva & Torralba,
2001). The reliance on large-scale visual properties for the extraction of scene category makes these types of stimuli potential
candidates for being processed and categorized outside the main
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focus of visual attention. That is, rather than requiring scrutinized
vision and focal attention typically used to register fine visual
details and/or local feature conjunctions, scene gist may be extracted on the basis of coarse global properties such as large color
patches (e.g., Oliva & Schyns, 2000; Oliva & Torralba, 2001) or
spatial layout (e.g., Sanocki, 2003), which do not necessitate high
resolution vision and/or focused attention (e.g., Hochstein &
Ahissar, 2002; Treisman, 2006; Treisman & Gelade, 1980; see
recent review in Cohen, Dennett, & Kanwisher, 2016). Indeed,
when using complex displays of arbitrary stimuli, the extraction of
their statistical summaries, such as their global visual structure or
their color diversity, was shown to take place with little or no
attentional resources (e.g., Alvarez & Oliva, 2008, 2009; Bronfman, Brezis, Jacobson, & Usher, 2014).
Yet not only global properties may assist in scene categorization
and identification outside the focus of attention. As mentioned
above, a central, salient object embedded within the scene, may be
highly indicative of its general theme, and under certain conditions, may be processed in the near absence of attention. Thus, for
instance, several studies using a dual-task paradigm have shown no
decrement in the detection of a peripheral animal or a vehicle,
while performing a rather demanding discrimination task at fixation. The very same central task, in contrast, impaired detection
and identification of a meaningless peripheral stimulus (e.g., a
rotated letter, see, Li et al., 2002). These findings have led many
researchers to argue that high-level object representations may be
accessed in parallel, allowing efficient image categorization and
identification even outside the main focus of attention (see, e.g.,
Fei-Fei, VanRullen, Koch, & Perona, 2005; Kihara & Takeda,
2012; Koch & Tsuchiya, 2007; Otsuka & Kawaguchi, 2007; Poncet et al., 2012; Reddy et al., 2006; Reddy, Wilken, & Koch, 2004;
Rousselet, Fabre-Thorpe, & Thorpe, 2002; VanRullen, Reddy, &
1
We refer to the “gist” of a scene as its superordinate category, where
scenes belong to one of three categories— outdoor natural scenes, outdoor
urban scenes, and indoor scenes (see detailed description of stimulus
selection in the Method section). Note that there may be various definitions
to a scene’s gist, depending on the level of categorization and identification
obtained within a glance. Although some refer to the “gist” as the basiclevel category of an image (e.g., “forest”), others use a more general
definition referring to its superordinate category (e.g., “nature”). To prevent participants from actively searching for specific visual features which
typically characterize basic-level categories, we used wider (i.e., superordinate) categories in the present study. Notably, some previous studies
investigating the necessity of attention to real-world image processing have
used categorical definitions such as “an image that contains an animal” or
“an image that contains a vehicle” (e.g., Cohen et al., 2011; Evans &
Treisman, 2005; Li et al., 2002). Classification performance in these
studies relied mainly on processing of a central object within the scene
(e.g., animal/vehicle), rather than on more global background information
(e.g., a forest/street scenery). The distinction, however, between local
“objects” and global “background sceneries” is often fuzzy and artificial, as
the latter are often composed of a collection of objects such buildings, cars
or trees. Since all scene images in our study contained objects, both central
and more peripheral, and since these objects were typically indicative of
scene category (e.g., a sofa in an indoor scene, a car in an urban scene), we
refer to scene gist processing as an interactive process in which both
foreground objects and background scenery information contribute to
image understanding and categorization (e.g., Biederman, 1972; Biederman, Mezzanotte, & Rabinowitz, 1982; Davenport & Potter, 2004; Fei-Fei,
Iyer, Koch, & Perona, 2007). Finally, scene content in our study can be
considered rather neutral from an emotional perspective, namely, there
were no images containing highly emotional or threatening content.
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Fei-Fei, 2005; see also Greene & Fei-Fei, 2014; Mack & Rock,
1998).
Several other studies, however, have revealed contradictive evidence, in which image categorization and/or identification were
dramatically impaired with limited or no attentional resources
(e.g., Cohen, Alvarez, & Nakayama, 2011; Evans & Treisman,
2005; Mack & Clarke, 2012; Potter & Fox, 2009; Scharff, Palmer,
& Moore, 2011; Walker, Stafford, & Davis, 2008). Cohen et al.
(2011), for instance, have used a dual-task similar to the one used
by Li et al. (2002) and demonstrated that when the primary task is
sufficiently demanding, categorization of real-world images in a
secondary task is significantly impaired. In addition, the authors
demonstrated that real-world objects and scenes are subject to
inattentional blindness (IB), further suggesting that processing of
natural (i.e., real-world) stimuli necessitates attention (see also
Mack & Clarke, 2012, for similar IB results). Note that in both
experimental paradigms (i.e., dual task, IB), image detection
and/or recognition were assessed by participants’ conscious response or verbal report. One limitation of such explicit report is
that it may underestimate the processing level of the unattended
stimuli, as it relies on a subjective response criterion and may be
prone to working memory capacity limitations. Maintaining visual
information in working memory is particularly crucial in situations
where participants first complete a central/primary task, and only
at a second stage report the identity of an unattended image.
Indeed, several researchers have argued that the IB and other
phenomena relying on explicit response may in fact reflect a
failure of memory, rather than a failure of perception (inattentional
amnesia, e.g., Chen & Wyble, 2016, 2015a; Jiang, Shupe, Swallow, & Tan, 2016; Wolfe, 1999). In addition, studies using more
implicit measures have provided evidence suggesting that at least
some types of scenes are processed and perhaps categorized, even
when strictly irrelevant to task demands and/or their identity
cannot be explicitly reported (e.g., Greene & Fei-Fei, 2014; Mack
& Clarke, 2012, Experiment 4; Marois, Yi, & Chun, 2004).

The Present Study
To obtain a more objective measure of unattended categorical
processing, we ran a series of experiments examining online scene
categorization under conditions in which scene category was irrelevant to one’s task-set (as is the case in the IB, but not in dual
task paradigms), and in addition, scene processing was assessed
implicitly, rather than explicitly. The indirect (implicit) assessment
of scene processing was obtained via manipulation of the categorical relations among pairs of scene images. Specifically, each trial
involved the presentation of two scene images taken from the
same, or from different, superordinate categories (e.g., nature,
urban or indoor scenes). One of these scene categories was defined
a priori as a to-be-detected target category, whereas the rest of the
categories served as nontarget categories. Among the trials containing only nontarget scenes, responses to same-category versus
different-category scenes were measured in an attempt to assess
sensitivity to categorical identity (see below). Critically, the sensitivity to categorical identity was assessed when stimuli forming
a pair were both attended, versus when only one of the two scenes
was attended whereas its counterpart scene image was unattended
(or at most, minimally attended). That is, we compared the categorical identity effect (i.e., the difference in response latencies to

different- vs. same-category nontarget trials) when both scene
stimuli were presented within the main focus of attention, versus
an experimental setting in which one of the two scenes was located
outside the focus of visual attention, serving as a to-be-ignored
distractor (for a similar approach, see Gronau, Cohen, & BenShakhar, 2003; Gronau & Shachar, 2014).
We hypothesized that when both stimuli are fully attended,
participants grasp and process same-category scene trials faster
and more accurately than different-category scene trials (due to
perceptual and conceptual similarity between stimuli in the former
type of trials). Our main interest concerned participants’ responses
when one of the two scenes was attended while its counterpart
scene stimulus was unattended. To the extent that a scene’s gist
(i.e., category) is processed automatically with minimal attention
capacity, it should affect responses to the attended scene image
even when located outside the main focus of visual attention and
when it is strictly irrelevant to one’s current goals. Namely, a
categorical identity effect should be obtained, similar to the effect
obtained when both stimuli are attended. If, however, scene categorization is attention-dependent, processing of an unattended
distractor image should not allow efficient access to scene category and, consequently, no categorical identity effect should be
seen under the unattended conditions. In this case, a clear dissociation should be observed between the two attention conditions.
Because previous research has emphasized the importance of
task-relevance in the detection and identification of stimuli appearing outside the main focus of attention, an additional goal of the
study was to examine possible differences between task-irrelevant
and task-relevant distractors, the latter containing stimuli which
are explicitly defined as to-be-detected targets by task requirements. Ample previous research has documented the ability of
distractors containing task-relevant information (i.e., information
which is prioritized by task demands) to affect task performance
(e.g., Bacon & Egeth, 1994; Folk et al., 1992), even when visual
attention is highly focused on a predefined spatial location (e.g.,
Folk, Leber, & Egeth, 2002). Thus, in addition to assessing scene
categorization among nontarget distractor images, which are
strictly irrelevant to one’s task-set, we wished to investigate categorization of target stimuli, and the potential differences between
the two types of unattended stimuli. We reasoned that a systematic
investigation of the role of task-relevance in scene processing may
reconcile some conflicting evidence in the attention literature.
The purpose of our study was, therefore, twofold. First, we
wished to assess the differences in categorization of nontarget
scenes, when these are attended versus when they are unattended
(i.e., serving as irrelevant distractors); and second, we sought to
determine whether unattended scene distractors possessing taskirrelevant (i.e., nontarget) and task-relevant (i.e., target) information are processed differently and may affect behavior in a qualitatively different manner. Experiment 1 served as a “baseline”
study, in which the sensitivity to the categorical identity of scenes
was assessed when stimuli were fully attended. In Experiments 2
and 3 we manipulated visual attention in an attempt to assess
categorical processing when one of the two scene images served as
a distractor appearing outside the main focus of attention. Note that
by using the term categorization, we refer to any process allowing
one to infer categorical relations among scene stimuli, whether
relying on coarse detection of distinctive categorical features (e.g.,
Evans & Treisman, 2005) or on a more thorough and systematic
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analysis of image identity. Our dependent measure involved differences in behavioral output between different- and samecategory trials (i.e., the categorical identity effect), yet we could
not specify the precise process by which participants performed
the task, and/or the stage of processing underlying such a categorical effect. We assumed that obtaining a dissociation between
attended and unattended scenes could nevertheless suggest different levels of perceptual processing, or at minimum, different
strengths of scene activation affecting response-selection processes within the two attentional conditions. Our aim was therefore
to specify the conditions under which scenes positioned outside the
main focus of spatial attention were categorized and were able to
affect current task performance, and, on the other hand, those
conditions under which they were successfully ignored and filtered
out.

Experiment 1: Both Scenes Are Positioned in Task
Relevant Locations
In our first experiment, participants performed a sceneclassification task in which they determined rapidly whether the
stimulus display contained a prespecified target category or not.
Pair stimuli in each trial either belonged to the same category or to
different categories. As mentioned earlier, we were particularly
interested in the categorical identity effect among the nontarget
trials, that is, trials that did not contain a stimulus from the
to-be-detected target category. Obtaining a categorical effect
among these trials would indicate that participants were sensitive
to the categorical identity of scenes in the display, despite that fact
that they were tuned to detect a different target category. Note that
some previous evidence has suggested that objects embedded
within scenes are not processed to a high, categorical level, unless
they are explicitly defined as to-be-detected targets (Peelen, FeiFei, & Kastner, 2009). That is, irrelevant objects (and perhaps
scenes) are not represented at the category level, even when they
are presented inside the main focus of attention. We hypothesized,
in contrast, that scenes are processed and automatically categorized, even when they are irrelevant to one’s task-set, as long as
they appear in an attended (i.e., task-relevant) location. Within the
present context, we posited that slower reaction times (RTs) would
be obtained for different- than for same-category trials among
target, as well as among nontarget stimulus pairs. This hypothesis
was based on classical research demonstrating priming effects
among pairs of pictorial stimuli belonging to the same superordinate category (e.g., Bajo, 1988; Carr, McCauley, Sperber, & Parmelee, 1982; Kroll & Potter, 1984; Sperber, McCauley, Ragain, &
Weil, 1979), as well as on more recent studies showing reduced
latencies on “same-different” judgments for pairs of scenes belonging to the same than to different basic-level categories (e.g.,
Kadar & Ben-Shahar, 2012). Note that despite a large intercategorical variance, stimuli from the same superordinate category
tend to look more alike than stimuli from different superordinate
categories, thus, it is difficult to dissociate conceptual from perceptual factors in our task. Put differently, streamlined responses
to same-category stimuli may result from perceptual similarity
(i.e., shared visual features among scenes belonging to the same
category), conceptual/semantic associations, or both. Regardless of
the underlying mechanism, obtaining a categorical identity effect
among stimuli in Experiment 1 mainly served as an anchor, or a
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baseline for the assessment of unattended scene gist perception in
Experiment 2.

Method
Participants. Eighteen2 undergraduate students (11 females,
7 males, ages 19 –34) with normal or corrected-to-normal sight
participated in the experiment for course credit.
Apparatus. Stimulus presentation and response collection
were controlled by a PC computer, using an E-prime 2.0 software
(Schneider, Eschman, & Zuccolotto, 2002). Stimuli were presented on a 15-inch CRT monitor with a 85-Hz refresh rate.
Experimental design. Each trial contained a pair of scene
images presented simultaneously above and below fixation. Scenes
were taken from one of three superordinate categories—nature,
urban and indoor scenes. One of the three categories served as a
to-be-detected target (e.g., nature scenes), while the other two
categories were considered as nontarget categories (e.g., urban and
indoor scenes; target category counterbalanced across participants). Among trials containing only nontarget stimuli (240 trials),
half of the pairs contained same-category scenes (e.g., a street and
a skyscraper; a hall and a bedroom) while the other half contained
different-category scenes (e.g., a bathroom and a building; see
Figure 1A and 1B, respectively). In addition to the 240 nontarget
scene pairs, 180 pairs of stimuli containing a target scene image
served in the scene-classification task. These too, were divided
into a same-category condition (a forest and a coast, 60 trials), and
a different-category condition comprising a target and a nontarget
stimulus (e.g., a mountain and a skyscrapers scene, 120 trials; see
Figure 1C and 1D, respectively). Each image within the different
target and nontarget conditions appeared only once in course of the
experiment. The order of the trials was determined randomly.
In each trial, participants’ task was to determine rapidly whether
the stimulus display contained an image from the target category
or not by using a two-alternative forced-choice key press (the
target-to-nontarget proportion was 0.75). The goal of the sceneclassification task was to allow an indirect, and unbiased, measure
of participants’ responses to the scenes’ categories. Note that the
same response was required for both same- and different-category
trials within each of the target conditions (i.e., target/nontarget),
ruling out possible response bias accounts for a potential categorical identity effect. Importantly, within the trials containing a
target stimulus, the target could appear in an upper or a lower
location with equal probability, thus, participants had to be attentive to both stimulus locations. Participants were required to respond as fast as possible, while maintaining accurate performance.
Prior to the beginning of the experiment there was a practice
session of 72 trials. Scene images in the practice session were
excluded from the experiment.
Stimuli. Scene stimuli were presented on a gray background
square subtending about 20° by 20° from a viewing distance of 60
cm. Each scene’s image size subtended 9.3° by 9.3°, centered
2
Sample size in this as well as in all following experiments was based
on power computations in previous studies in which a similar experimental
approach was used (e.g., Gronau & Shachar, 2014). In these studies,
sample sizes of 17–20 participants were used, yielding large effect sizes
(Cohen’s d ⫽ 0.75–0.8) and a power of 0.85– 0.89 when stimuli were fully
attended (␣ ⫽ .05).
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Figure 1. Examples of the pair images within the different conditions in Experiment 1. Nontarget (i.e.,
target-absent) conditions (A, B); Conditions containing a target stimulus (C, D). Within the different-category
target trials, half of the trials contained a target in an upper location, and the other half in a lower location. Note
that the target category in the present example is nature scenes (target category was counterbalanced across
participants). All images were presented in color. See the online article for the color version of this figure.

approximately 5° above/below fixation. The images were gathered
from various sources, mainly from the Internet and from the scene
database of the Computational Visual Cognition Laboratory at
MIT (see: http://cvcl.mit.edu/database.htm). Stimuli in the three
superordinate scene categories were carefully chosen to represent
a wide range of basic-level categories, in an attempt to prevent
participants from tuning themselves to specific visual features
(e.g., the color green in the category “forest”’ or vertical-oriented
structures in the category “skyscrapers”) during the sceneclassification task. This was particularly important in Experiment
2, in which one of two scene images served as an irrelevant
distractor, and special care was taken to assure that detection of the
distractor’s category could not rely on repetitive exposure to
specific features and/or to particular scene configurations. The
superordinate category of nature scenes, therefore, included images of coasts, forests, fields, mountains, landscapes, deserts, and
so forth; the category of urban scenes included images of streets,
houses, buildings, skyscrapers, public playgrounds, roads and
highways; and the category of indoor scenes included various
types of rooms (bedrooms, bathrooms, living rooms etc.), as well
as public indoor spaces (halls, restaurants, building lobbies, offices, corridors, etc.).
For masking purposes (see Procedure) we used an achromatic
texture image depicting a “pseudo-noise” pattern, taken from a
database of meaningless achromatic texture images. The root mean
square contrast (defined as the standard deviation of the pixel
intensities) of the mask image was 0.12.
Procedure. Each trial of Experiment 1 lasted approximately
two seconds (see Figure 2). The trial began with a fixation cross
appearing at the screen center for 577 ms, followed by a pair of
scene stimuli presented for 47 ms. Subsequently a black and white
pseudonoise pattern mask appeared for 129 ms, followed by a
1,082-ms blank lasting till the end of the trial. Scenes were
presented for a short duration in this as well as in all subsequent
experiments, following the brief exposure durations used in many
previous studies investigating the necessity of attention to scene
gist perception (e.g., Cohen et al., 2011; Evans & Treisman, 2005;

Li et al., 2002; Mack & Clarke, 2012; Poncet et al., 2012).
Participants were instructed to maintain fixation in course of all
trials. Prior to the beginning of the experiment they were introduced with all three categories and were notified about the identity
of the target category. Their task was to press a key (“J”) marked
“1,”, using their index finger, if there was a target scene image in
the display, and to press a key (“K”) marked “2,” using their
middle finger, if there was no target image in the display. As noted
earlier, the object-classification task required participants to be
attentive to both stimulus locations, since the target could appear
in either an upper or a lower location (or in both). There was no
feedback for correct or incorrect performance during the experiment.

Figure 2. Trial sequence in Experiment 1. The current example presents
two trials, only the second one contains a target (i.e., nature) scene. See the
online article for the color version of this figure.
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Results and Discussion
Mean RTs and accuracy rates were computed for each condition, see Table 1. Trials in which participants made errors (16%) or
trials yielding extreme outlier responses (i.e., RTs that deviated
from the participant’s mean reaction time (RT) by more than three
standard deviations, 1%), were excluded from the RT analysis. A
two-way repeated-measures analysis of variance (ANOVA) was
conducted on the response latency data, including categorical
identity (same, different) and target-presence (nontarget, target) as
factors. Note that within all conditions comprising nontarget images, mean responses were computed across the two nontarget
categories (e.g., urban and indoor scenes, in the case of a nature
target category). All statistical analyses were conducted using IBM
SPSS software (version 22). Figure 3 presents the categorical
effect (i.e., the difference in RT between different- and samecategory trials) within each of the target-presence conditions.
We hypothesized that a categorical effect would be observed
regardless of a scene’s relevance to task-demands, namely, regardless of a target’s presence within the visual display. As expected,
the ANOVA revealed a categorical identity effect, F(1, 17) ⫽
32.33, p ⬍ .0001, p2 ⫽ 0.66, stemming from shorter RTs to
same-category than to different-category trials. The targetpresence factor was nonsignificant, F(1, 17) ⫽ 2.04, p ⬎ .1, p2 ⫽
0.11, however the interaction between the categorical identity and
the target-presence factors approached statistical significance, F(1,
17) ⫽ 4.15, p ⫽ .057, p2 ⫽ 0.2, due to a trend for a larger
categorical effect among the target than the nontarget trials. Importantly, follow-up contrasts between same- and differentcategory trials within the two target conditions (i.e., simple main
effects) revealed a statistically significant categorical effect in both
target, F(1, 17) ⫽ 28.86, p ⬍ .0001, p2 ⫽ 0.63, and nontarget, F(1,
17) ⫽ 10.32, p ⫽ .005, p2 ⫽ 0.38, conditions (see Figure 3).
A similar analysis conducted on the accuracy rates within the
different conditions revealed a strong categorical effect, F(1,
17) ⫽ 182.43, p ⬍ .0001, p2 ⫽ 0.92, and a target-presence effect,
F(1, 17) ⫽ 5.41, p ⫽ .03, p2 ⫽ 0.24, as well as a categorical by
target-presence interaction effect, F(1, 17) ⫽ 26.89, p ⬍ .0001,
p2 ⫽ 0.61.3 The interaction effect resulted from a larger difference
between same- and different-category trials within the target than
the nontarget conditions. As with the RTs measure, follow-up
analyses of the simple main effects revealed a statistically significant categorical effect in both target, F(1, 17) ⫽ 98.16, p ⬍ .0001,
p2 ⫽ 0.85, and nontarget, F(1, 17) ⫽ 28.86, p ⫽ .001, p2 ⫽ 0.50,
conditions.
Overall, these results support our hypothesis that displays containing scenes from the same category are processed more efficiently (i.e., faster and more accurately) than displays containing
Table 1
Mean Reaction Times (in Milliseconds) and Accuracy Rates in
the Scene Classification Task of Experiment 1 (Standard Errors
In Parentheses)
Nontarget trials

Target trials

Measure

Same

Different

Same

Different

Reaction time
Accuracy rate

542 (20)
.90 (.01)

564 (22)
.84 (.02)

515 (21)
.91 (.02)

557 (25)
.70 (.03)

Figure 3. The categorical effect (i.e., the difference in reaction time [RT]
between different- and same-category trials) within each of the targetpresence conditions in Experiment 1. Bars represent the group average
difference (i.e., the categorical effect) within each condition, while circles
represent the individual subjects’ difference scores. Standard errors are
computed for the difference RT score (e.g., Loftus & Masson, 1994). Note
that the target category in the present example is nature. Image examples
underneath the bars represent the categorical effect computed within each
of the target-presence conditions. Thus, for instance, among the nontarget
trials, the different-category condition consisted of images of a building
(urban) and a bathroom (indoor), while the same-category condition consisted of images of skyscrapers and a street (both urban). See the online
article for the color version of this figure.

scenes from different categories, whether the display contains a
to-be-detected target or not. With respect to the nontarget scenes,
our results further indicate that in contrast to some previous
arguments (e.g., Peelen et al., 2009), visually attended scenes are
processed to a high categorical level even when they are not an
explicit part of the task-set.
We now turn to our main question of interest, that is, to investigating implicit categorical processing among target and nontarget
scenes when one of the two stimuli serves as an irrelevant distractor positioned outside the main focus of spatial attention.

Experiment 2: One of Two Scenes Is an
Irrelevant Distractor
Experiment 1 has established that when attempting to detect a
specific category participants are sensitive to categorical differ3
Note that the use of ANOVA for analysis of dichotomous variables is
disputable. An alternative approach for the analysis of accuracy rates is to
utilize logistic models (see, e.g., Baayen, 2004).
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Figure 4. Trial sequence in Experiment 2. The current example presents
two trials, both containing a target stimulus (e.g., nature scene) in the cued
location. Within each of the conditions, the cue appeared with equal
proportions in upper and lower locations. See the online article for the color
version of this figure.

ences among trials containing a to-be-detected target, as well as
among nontarget (i.e., target-absent) trials. Importantly, one can
assume with a high level of confidence that images in Experiment
1 were highly attended, as target location in each trial was unknown and participants presumably spanned their attention across
the two stimulus locations.
The purpose of Experiment 2 was to further examine whether
sensitivity to categorical information was maintained even when
one of the two images was located outside the main focus of visual
attention, at an irrelevant spatial location. To this end, we manipulated attentional allocation by presenting a peripheral spatial cue

prior to stimuli appearance, which summoned participants’ visual
attention to one of the two stimuli within a pair (see Figure 4). In
addition, task instructions were altered, such that the sceneclassification task was now performed on the cued image only (“Is
the cued stimulus a nature scene or not?”), instead of on both
images within a pair (“Is there a nature scene in the display, or
not?”). The cued image, therefore, was spatially attended and
task-relevant, while the uncued image effectively became an irrelevant distractor positioned outside the main focus of attention. All
other experimental parameters were identical to the previous experiment. We asked whether a categorical identity effect (e.g.,
shorter RTs for same- than for different-category images) would
be obtained under such conditions, among the target-present and
particularly among the target-absent (nontarget) trials. With respect to the latter, we hypothesized that if unattended irrelevant
scenes are automatically categorized, a categorical identity effect
should be observed, similar to the one observed in the previous
experiment. If, however, the allocation of spatial attention is a
necessary condition for the categorization of scenes which are not
part of one’s task-set, no categorical effect should be observed.

Method
Participants. Eighteen undergraduate students (11 females,
seven males, ages 22–33) participated in the Experiment for course
credit. All participants had normal or corrected-to-normal sight.
Experimental design and stimuli. All stimuli were identical
to Experiment 1, yet the experimental design was slightly changed
to accommodate for the differences in task requirements. One
hundred sixty pairs of stimuli served as nontargets trials, that is,
trials that contained nontarget scene stimuli in both locations (with
equal proportions of same- and different-category pairs, see Figures 5A and 5B, respectively). In addition, 260 pairs contained a
target stimulus, among these, 100 trials contained two targets (one
cued and one uncued, same-category trials, see Figure 5C), and an
additional 160 trials contained a target stimulus paired with a

Figure 5. Examples of the pair images within the different conditions in Experiment 2. Nontarget (i.e.,
target-absent) conditions (A, B); Conditions containing a target stimulus (C, D). Among the different-category
target trials, the target was either cued (left, target cued condition) or uncued (right, target uncued condition).
Note that the target category in the present example is nature scenes. The black frame surrounding the images
denotes the cue, which appeared with equal proportions in upper and lower locations within each of the
conditions. See the online article for the color version of this figure.
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nontarget stimulus (different-category trials, see Figure 5D). In
half of the latter trials, a target image (e.g., nature scene) was
positioned in a cued location whereas a nontarget image (e.g.,
urban or indoor scene) served as an irrelevant distractor positioned
in an uncued location (target-cued condition); whereas in the other
half, an opposite state of affairs existed (target-uncued condition).
Note that the change in the number of stimuli within each condition, relative to Experiment 1, was made to maintain a task ratio
identical to that of the previous experiment (with target-tonontarget proportion within the cued location equaling 0.75). All
other parameters of the design were identical to Experiment 1.
Procedure. The procedure was identical to that of Experiment
1, except for inserting a peripheral cue prior to the appearance of
the pair stimuli. The cue (71 ms) indicated the location to which a
response was requested (with equal proportions of upper and lower
cued stimuli), and it remained on the screen until stimulus disappearance (see Figure 4). Participants were asked to determine
whether there was a target scene image only in the cued location.
The short presentation durations of the cue and the image stimuli
allowed allocating visual attention to the relevant screen location
while minimizing eye movements. This type of cuing manipulation
was used in previous studies and has proven to be effective in
drawing visual attention to a target stimulus (e.g., Gronau &
Shachar, 2014).4 All other parameters of the procedure were
similar to Experiment 1.

Results and Discussion
Trials in which participants made errors (16%) or trials in which
there were extreme outlier responses (1%), were excluded from the
RT analysis. Table 2 presents the mean RTs and accuracy rates for
the different conditions in Experiment 2 (response accuracy was
measured with respect to the cued stimulus, to which participants
were requested to respond). As in Experiment 1, a two-way
repeated-measures ANOVA was conducted on the data, including
categorical identity (same, different) and target-presence (nontarget, target) as within-subject factors. Notably, due to the cuing
manipulation, the target-present trials now included two types of
different-category conditions (target-cued and target-uncued).
Only the former type (i.e., target-cued) was entered into the
ANOVA, to allow a comparison of same- and different-category
trials while holding constant the cued stimulus (target/nontarget).
The second type of different-category target condition (targetuncued) was contrasted with the different-category nontarget trials
in a separate analysis, in an attempt to assess the degree of

Table 2
Mean Reaction Times (in Milliseconds) and Accuracy Rates in
the Scene Classification Task Conducted on the Cued Stimulus
in Experiment 2 (Standard Errors in Parentheses)
Nontarget trials

Target trials
Different

Measure

Same

Different

Reaction time
Accuracy rates

595 (20)
.87 (.02)

596 (20)
.85 (.03)

Same

Target
cued

566 (19) 589 (17)
.85 (.02) .80 (.02)

Target
uncued
620 (20)
.83 (.02)
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interference caused by an uncued image of a to-be-detected target
(see further explanation below). Figure 6 presents the categorical
effect (i.e., the difference in RT between different- and samecategory trials) within each of the target-presence conditions. In
addition it presents the interference effect caused by an irrelevant,
uncued target, compared with an uncued nontarget (see below).
As in Experiment 1, the ANOVA revealed a significant categorical identity effect, F(1, 17) ⫽ 7.25, p ⫽ .015, p2 ⫽ 0.30, which
was qualified by an interaction of categorical identity by the
target-presence factor, F(1, 17) ⫽ 5.74, p ⫽ .028, p2 ⫽ 0.25. The
target-presence main effect was nonsignificant (F(1, 17) ⫽ 1.54,
p ⬎ .1, p2 ⫽ 0.08). An analysis of the simple main effects leading
to the interaction effect yielded a statistically significant categorical effect among the target trials, F(1, 17) ⫽ 10.49, p ⫽ .005,
p2 ⫽ 0.38, however, in contrast to the results of Experiment 1,
there was no hint for such an effect among the nontarget trials, F(1,
17)⬍ 1, p ⬎ .1, p2 ⫽ 0.001. It appears, then, that narrowing the
focus of visual attention to one of the two scene images has
impaired participants’ sensitivity to the categorical identity of a
task-irrelevant unattended scene, but not (or, to a much lesser
degree) of a task-relevant one.
Note that the significant categorical effect observed among the
target (task-relevant) trials presumably reflects a response enhancement of the cued target by a same-category, uncued image of
a target. Namely, a target image positioned outside the main focus
of attention likely facilitates responses to a cued, attended target.
However, an uncued image of a target may also interfere with
responses to the cued stimulus, in situations in which the former
differs from, and/or conflicts with the latter.5 To further examine
the extent to which uncued images of to-be-detected targets interfered with task performance, we contrasted the target-uncued
(different-category) condition with the different-category nontarget condition: Both conditions contained a cued nontarget stimulus, paired with an uncued image from a different category. Yet
only the target-uncued condition contained a stimulus from the
to-be-detected category in the distractor’s location. To the extent
that such a distractor benefited from a privileged status (e.g., due
to its compliance with task-settings), a significant difference
should be obtained between the two conditions. Indeed, a planned
contrast between these two different-category conditions yielded a
significant difference in RT performance, F(1, 17) ⫽ 21.12, p ⬍
.0001, p2 ⫽ 0.55, indicating a strong interference effect caused by
4
In the aforementioned studies, most trials consisted of pairs of objects,
and participants were requested to respond to only one of two stimuli
indicated by a visual cue. On a small proportion of trials, a single object
appeared in the cued (i.e., valid) or the uncued (i.e., invalid) location. A
robust cue-validity effect was obtained in these trials, suggesting that the
cue was indeed effective in summoning attention (Gronau & Shachar,
2014). Additional piloting was done before the present research in an
attempt to validate the cuing manipulation. As in previous research, a
strong cue-validity effect was obtained in these pilot studies.
5
Note that within the target-present trails, the two categorical conditions
were not only characterized by different conceptual relations (i.e., same/
different categories), but also by different response activations. Namely,
the same-category trials were associated with the same response and
therefore were response-congruent, whereas the different-category trials
were associated with different responses and were thus responseincongruent, forming a flanker-like situation. We refer to the implications
of this flanker-like display in the General Discussion section.
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Figure 6. The categorical effect (i.e., the difference in reaction time [RT] between different- and same-category
trials) within each of the target-presence conditions in Experiment 2 (A); The target interference effect,
computed as the RT difference between target-uncued and different-category nontarget trials (both containing
scenes from different categories, yet only the former condition contains a to-be-detected target in the uncued
location, see Panel B). Bars represent the group average difference within each contrast, while circles represent
the individual subjects’ difference scores. Standard errors are computed for the difference RT scores. Note that
the target category in the present example is nature. Image examples underneath the bars represent the specific
contrast computed (with black frames denoting the cue). The interference effect, for instance, is computed as the
difference between a cued image of skyscrapers (urban) paired with an uncued image of a forest (nature), and
a cued image of a building (urban) paired with an uncued image of a bathroom (indoor). See the online article
for the color version of this figure.

a target stimulus positioned outside the main focus of attention
(see interference effect in Figure 6).
A repeated-measures ANOVA was also conducted on the accuracy rates, yielding a statistically significant categorical identity
effect, F(1, 17) ⫽ 27.35, p ⬍ .0001, p2 ⫽ 0.62. There was a trend
for an interaction of categorical identity by target-presence, suggesting a smaller categorical effect among the nontarget than the
target conditions, however this interaction failed to reach significance level, F(1, 17) ⫽ 2.76, p ⬎ .1, p2 ⫽ 0.14. The targetpresence effect was nonsignificant, F(1, 17) ⫽ 1.07, p ⬎ .1, p2 ⫽
0.06. Note that in comparison to Experiment 1, the categorical
effect observed with the accuracy measure was markedly smaller
in both target conditions (and it was nearly eliminated in the
nontarget condition), suggesting a dramatic attenuation in the
sensitivity to categorical identity following the use of the cuing
paradigm. When examining the interference effect caused by an
unattended target, by comparing the target-uncued (different) condition with the nontarget fifferent-condition, a nonsignificant effect has emerged, F(1, 17) ⫽ 1.5, p ⬎ .1, p2 ⫽ 0.08.
Taken together, the results of Experiment 2, and particular the
latency findings suggest that scene categorical processing is modulated by attentional allocation, yet this modulation depends on the
stimuli’s nature: A distractor’s superordinate category is not auto-

matically processed (or at most, only minimally influences task
performance) when the distractor is strictly irrelevant to one’s
current goals. Distractors possessing task-relevant information, in
contrast, continue to influence performance even when appearing
outside the main focus of attention. Our findings imply, thus, that
there may be a qualitative dissociation in processing of taskrelevant (i.e., goal directed) and task-irrelevant scene distractors
positioned in an unattended location. We will further discuss the
nature of this dissociation and its possible implications in the
General Discussion section.

Experiments 3A and 3B: The Effects of Irrelevant
Distractors When Using Basic Level Categories
Categorical processing in our study was assessed via the use of
superordinate scene categories, such as indoor, nature and urban
categories. Such superordinate scene categories are often used in
studies assessing the necessity of attention to scene and object
categorization (e.g., Cohen et al., 2011; Evans & Treisman, 2005;
Li et al., 2002; VanRullen et al., 2005). Previous studies have
shown that when scenes are presented within the focus of attention,
they can be rapidly categorized at a superordinate level even if
stimuli are presented for extremely brief durations. Moreover,
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participants categorize a scene as natural or urban (i.e., at the
superordinate level) quicker and more accurately than they categorize it as a beach or a street (at a basic-level, e.g., Fei-Fei et al.,
2007; Greene & Oliva, 2009). Yet, although stimuli can be easily
classified at a high, superordinate level, they may, in fact, be
harder to recognize and/or categorize when appearing outside the
focus of attention due to their heterogeneous nature. In the context
of the present study, it may be the case that the wide variety of
scene types used within each of the superordinate categories
played an important role in the results obtained with the nontarget
images, because participants could not benefit from the recurrence
of features and/or visual configurations which characterizes more
narrowed (e.g., basic-level) categories. Using basic-level categories, in contrast, may have allowed easier classification of irrelevant scenes when these are presented outside the main focus of
attention, as such categories contain a well defined, repeatedly
presented set of features and visual properties. Indeed, a recent
study using a Stroop-like paradigm in which participants responded to category names superimposed on task-irrelevant scene
images has demonstrated automatic processing of entry-level
scene categories, but not of superordinate-level categories (Greene
& Fei-Fei, 2014). To the extent that basic-level categorization
relies on the detection of a rather narrow set of features, such
categorization should be easier, and perhaps even obligatory, when
irrelevant scenes are presented at an unattended location.
Experiments 3A and 3B sought to examine this possibility by using
a paradigm identical to that of Experiment 2 (in which one of two
scenes served as an irrelevant distractor), however rather than using
superordinate-level categories we used three basic-level categories. In
Experiment 3A, three basic-level categories, all belonging to the
“nature” superordinate category were used (i.e., forests, mountains,
coasts). In Experiment 3B we used three basic-level categories, each
belonging to a different superordinate category (forests, skyscrapers,
bedrooms). The rational behind Experiment 3B was to increase
between-category variance, by using categories that belonged to completely different contexts, in an attempt to further increase the visual
distinctiveness of the categories. Under such conditions, we hypothesized that participants may be more sensitive to category identity,
even when stimuli served as irrelevant distractors positioned outside
the main focus of attention.

Method
Participants. Eighteen undergraduate students (13 females, five
males, ages 21–36) participated in Experiment 3A, and 18 additional
subjects (13 females, five males, ages 21–37) participated in Experiment 3B. All participants were with normal or corrected-to-normal
sight, and received course credit for participation.
Stimuli, apparatus, and experimental design. Stimulus display and procedure were similar to these of Experiment 2,6 yet
image categories were changed. As noted above, in Experiment 3A
we used the basic-level categories of forests, mountains and coasts;
In Experiment 3B forests, skyscrapers and bedrooms were used.
All other experimental parameters were identical to Experiment 2.

Results and Discussion
Trials in which participants made errors (13% in Experiment
3A, 12% in Experiment 3B) or trials in which there were extreme
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Table 3
Mean Reaction Times (in Milliseconds) and Accuracy Rates in
the Scene Classification Task Conducted on the Cued Stimulus
in Experiments 3A and 3B (Standard Errors in Parentheses)
Nontarget trials

Target trials
Different

Measure

Same

Different

Same

Target
cued

Target
uncued

a. Experiment 3A
Reaction time
570 (20) 568 (16) 562 (13) 566 (14) 585 (19)
Accuracy rates .87 (.03) .88 (.02) .84 (.02) .81 (.03) .83 (.03)
b. Experiment 3B
Reaction time
550 (20) 551 (22) 562 (21) 569 (20) 594 (21)
Accuracy rates .92 (.01) .92 (.01) .86 (.02) .84 (.03) .86 (.03)
Note. Results for the basic-level categories of forests, mountains and
coasts, used in Experiment 3A; Followed by results for the basic-level
categories of forests, skyscrapers and bedrooms, used in Experiment 3B.

outlier responses (approximately 1% in both experiments), were
excluded from the RT analysis. Table 3a presents the mean RTs
and accuracy rates for the different conditions in Experiment 3A,
and Table 3b presents the corresponding results for Experiment
3B. Figures 7 and 8 present the categorical effect within the
different target conditions, along with the interference effect in
Experiments 3A and 3B, respectively.
A two-way repeated-measures ANOVA, including categorical
identity (same, different) and target-presence (nontarget, target)
factors, yielded neither significant main effects nor an interaction
effect in Experiment 3A (all Fs ⬍ 1). A similar pattern was
observed in Experiment 3B with the categorical main effect, F(1,
17) ⫽ 1.31, p ⬎ .1, p2 ⫽ 0.07, and the interaction effect (F ⬍ 1).
The target-presence main effect showed a numerical RT difference, however it failed to reach statistical significance level, F(1,
17) ⫽ 3.04, p ⫽ .1, p2 ⫽ 0.15. These results clearly indicate that
no categorical processing took place among the irrelevant (nontarget) scene distractors. Furthermore, in contrast to Experiment 2,
there was no facilitation effect of an uncued image containing a
target category on an additional cued target stimulus (as evident
from the nonsignificant categorical effect among the target trials in
both experiments). However, when examining the influence of an
uncued target on responses to a cued nontarget (by comparing the
target-uncued condition with the different-category nontarget condition), a strong interference effect emerged in both experiments—
Experiment 3A: F(1, 17) ⫽ 10.52, p ⫽ .005, p2 ⫽ 0.38; Experiment 3B: F(1, 17) ⫽ 34.79, p ⬍ .0001, p2 ⫽ 0.67. These results
converge on the findings of Experiment 2 in suggesting that
to-be-detected target stimuli may benefit from a unique status in
6
Because of a technical error, in Experiment 3B the same-category
condition within the target trials contained 80 instead of 100 trials. All
other conditions were identical to these of Experiments 2 and 3A in which
a cuing paradigm was used. Unfortunately, this change in trial frequency
altered the task-ratio (i.e., target-to-nontarget proportion) from 0.75 to
0.67, rendering target appearance rarer than in previous experiments. The
relative infrequency of the targets in Experiment 3B may have accounted
for the overall longer RTs to target stimuli, relative to the nontarget stimuli
(albeit the difference between these two types of stimuli did not reach
statistical significance level, see Results section).
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Figure 7. Specific contrasts computed in Experiment 3A, in which the basic-level categories of forests,
mountains and coasts were used. The categorical effect (i.e., the difference in reaction time [RT] between
different- and same-category trials) within each of the target-presence conditions (A). The target interference
effect, computed as the RT difference between target-uncued and different-category nontarget trials (both
containing scenes from different categories, yet only the former condition contains a to-be-detected target in the
uncued location, see Panel B). Bars represent the group average difference within each contrast, whereas circles
represent the individual subjects’ difference scores. Standard errors are computed for the difference RT scores.
Image examples underneath the bars represent the specific contrast computed (with black frames denoting the
cue). Note that the target category in the present example is forests. See the online article for the color version
of this figure.

interfering with task performance, when they depict a category
which is different from the attended stimulus (see further discussion below, on the dissociation between the facilitation and interference effects among the target-present trials).
A two-way repeated-measures ANOVA conducted on the accuracy rates yielded no significant main effects in Experiment 3A—
categorical effect: F ⬍ 1, p ⬎ .1; target-presence effect: F(1, 17) ⫽
1.99, p ⬎ .1, p2 ⫽ 0.11—yet the interaction of the categorical
identity by target-presence factors was marginally significant, F(1,
17) ⫽ 3.67, p ⫽ .072, p2 ⫽ 0.18. In Experiment 3B the targetpresence effect was significant, F(1, 17) ⫽ 17.53, p ⫽ .001, p2 ⫽
0.51, but all other effects failed to reach significance level (all
Fs ⬍ 1). Finally, the target-interference effect (measured as the
difference between accuracy rates in the target-uncued condition
and the different-category nontarget condition) was statistically
significant in both experiments—Experiment 3A: F(1, 17) ⫽ 6.11,
p ⫽ .02, p2 ⫽ 0.26; Experiment 3B: F(1, 17) ⫽ 5.67, p ⫽ .03,
p2 ⫽ 0.25.
Taken together, our findings suggest that images are not automatically categorized at a basic-level, or at minimum, they do not
affect one’s performance, when containing task-irrelevant scenes
that are positioned outside the main focus of visual attention. In
contrast, the very same images exert influence on taskperformance when they contain task-relevant (i.e., to-be-detected)

scenes, revealing once again a dissociation between the two types
of distractors.
Note that our results stand in contrast to the automatic categorization of scene distractors previously observed with basic-level
categories, when using a Stroop-like paradigm (Greene & Fei-Fei,
2014). We believe, however, that two important differences between our paradigm and the paradigm used by Greene and Fei-Fei
may account for this discrepancy in the results. First, scene distractors in our study were spatially separated from the cued images. That is, a clear physical distinction existed between “attended” and “unattended” stimuli. In the Greene and Fei-Fei study,
in contrast, word targets were superimposed on the background
scenes. As the authors have noted themselves, because spatial
attention was focused on the words, some of this attention was
presumably drawn to the irrelevant scenes placed immediately
beneath the words. Second and more critically, while scene exposure durations in the present study were extremely short (i.e., less
than 50 ms, masked), scene images in the Greene and Fei-Fei study
remained on the screen until participants’ response. Effectively,
then, images were presented for approximately 700 or 800 ms,
allowing a serial shift of attention and eye gaze to the background
image. It is possible, thus, that the involuntary categorization seen
in the latter study resulted from attentional resources being partly,
or wholly, allocated to the scenes. Although the results of Greene
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Figure 8. Specific contrasts computed in Experiment 3B, in which the basic-level categories of forests,
skyscrapers and bedrooms were used. See detailed explanation in Figure 7. Note that the target category in the
present example is forests. See the online article for the color version of this figure.

and Fei-Fei (2014) are highly valuable, we nevertheless believe
that our study better represents processes occurring under more
pure “unattended” conditions.
And yet, the results of the current experiment deserve further
elaboration and discussion with respect to the effects of taskrelevant distractor stimuli. Our study has repeatedly shown a
dissociation between images which are part of one’s task set (i.e.,
stimuli belonging to the target category) and those which are not
(i.e., nontarget stimuli). Although in Experiment 2 both facilitation
and interference effects were demonstrated for uncued target
scenes, the latter stimuli showed only an interference effect in
Experiment 3. That is, no enhancement of responses was observed
when an uncued target scene was paired with an additional, cued
target stimulus (relative to an uncued nontarget stimulus paired
with the same cued target). Although this result seems counterintuitive and unexpected at first, it may converge on previous literature in which facilitative effects were often shown to be dramatically smaller, and at times absent, relative to the interference
effects caused by distractors which contain task-relevant information (e.g., Cohen & Shoup, 1993, 1997; Eriksen & St James, 1986;
MacLeod, 1998; for an account for the asymmetry between facilitation and interference effects, see Goldfarb & Henik, 2007;
MacLeod & MacDonald, 2000). The target-interference effect, in
contrast, was large and highly consistent across all three experiments. A close look at the interference effect reveals that it was, in
fact, largest in Experiment 3B, in which within-category variability was rather low (due to the use of basic-level categories)
whereas between-category distinctiveness was relatively high (due
to little overlap between categories; the difference between the
interference effects of Experiments 3A and 3B was statistically

significant: F(1, 34) ⫽ 8.7, p ⫽ .006, p2 ⫽ 0.20). This increase in
interference of the uncued targets in Experiment 3B may be
expected, given that both feature repetitiveness and category distinctiveness were high, allowing participants to better tune themselves to task-relevant category properties (e.g., the color green in
“forests”, or the color gray in “skyscrapers”). Although, then, no
categorical effect was observed for task-irrelevant (nontarget)
stimuli, the interference caused by task-relevant (target) stimuli
was significantly increased when using highly distinguished scene
categories.

General Discussion
The present study examined the extent to which a scene’s gist,
or category, is accessed and affects behavior, when stimuli are
strictly irrelevant to task settings and they are positioned outside
the main focus of visual attention. Although this question has been
the focus of a continuous debate over the last decade, most studies
investigating the necessity of attention to scene categorization
have used experimental paradigms in which processing a scene’s
gist was an explicit part of task requirements, or alternatively,
scenes were irrelevant to task requirements yet their identity was
explicitly reported by participants subsequent to stimuli’ disappearance. For instance, the IB paradigm, in which explicit report of
a scene’s identity is required, has been extremely informative and
central to visual attention research, yet it may have underestimated
gist processing due to its potential reliance on short-term memory
(STM) processes (e.g., Chen & Wyble, 2016, 2015a; Jiang, Shupe,
Swallow, & Tan, 2016; Wolfe, 1999). The present research sought
to examine scene processing by using an implicit, online measure
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that allows assessing the influence of task-irrelevant stimuli on
behavior, while requiring no explicit response to these stimuli.
Our basic paradigm enabled a comparison of scene categorization when stimuli were fully attended with conditions in which
they were unattended, or at most, minimally attended. Using a
categorical identity effect, computed as the difference between
same- and different-category pairs of scenes, we showed that
participants automatically categorized scenes when these were
positioned in task-relevant locations (Experiment 1). The categorical effect was exhibited among both target and nontarget scene
categories, indicating that stimuli were processed to a high level
even when they were not an explicit part of the task-set, in contrast
to some previous arguments (e.g., Peelen et al., 2009). Importantly,
however, no categorical effect was obtained among the nontarget
stimuli when visual attention was focused on one of the two scenes
while its corresponding pair scene served as an irrelevant distractor
(Experiment 2). This finding was independent of the level of
categorization required (i.e., superordinate/basic-level categories,
Experiments 3A and 3B). Our findings demonstrate, then, robust
differences between processing of attended and unattended scenes,
suggesting that even under conditions which are not particularly
demanding, or situations which do not impose a high load on a
central task (e.g., Cohen et al., 2011), irrelevant distractor scenes
are successfully filtered out.
In contrast to irrelevant scenes, distractor images of to-bedetected (i.e., target) scenes consistently affected responses to a
cued, attended stimulus. This pattern of results particularly characterized uncued target images which differed from, and/or conflicted with, a cued nontarget stimulus. The unique status of
stimuli possessing task-relevant information (e.g., Atchley,
Kramer, & Hillstrom, 2000; Bacon & Egeth, 1994; Folk et al.,
1992), and more specifically, the dissociation between taskirrelevant and task-relevant distractors (e.g., Gronau et al., 2003,
2009; Gronau, Sequerra, Cohen, & Ben-Shakhar, 2006), have long
been documented. However, this dissociation has often been overlooked when studying and discussing the necessity of visual attention to scene categorization. Specifically, the bulk of studies
arguing for natural scene categorization in the near absence of
attention have used dual tasks in which a scene’s content was, by
definition, a part of one’s task-set (e.g., Li et al., 2002; Poncet et
al., 2012; VanRullen et al., 2005). Namely, participants in these
studies actively searched for a specific target category, while
performing a simultaneous secondary task. There are good reasons
to believe that while performing the dual task, participants spread
their attention to areas in which scene stimuli could potentially
appear. Here, we show that stimuli containing a to-be-detected
target image affect behavioral performance even when such stimuli are positioned in task-irrelevant locations and thus can be
strictly ignored.
Furthermore, Cohen et al. (2011) have shown a significant
impairment in scene detection and classification when using a
similar paradigm to that of Li et al. (2002), yet in which the
secondary task was highly demanding (e.g., multiple-object tracking). The authors argued that dual task costs may only appear
under high task load, but not under low load conditions (as the
ones presumably characterizing the Li et al. study). Notably,
however, although performance on the scene classification tasks
dropped in the high load conditions of Cohen et al. (2011), it
remained well above chance level, suggesting that participants

were nevertheless able to process a scene’s category to a large
extent even when performing a simultaneously demanding task.
These findings further highlight the powerful impact of goal directed settings and their effects on stimulus detection and categorization in limited capacity situations.
The dissociation between task-relevant and task-irrelevant stimuli is also reflected by the results obtained in the classic IB
paradigm. In contrast to dual task paradigms, scene perception in
the IB paradigm is assessed while participants are solely engaged
in a nonscene task (e.g., judging which of two cross arms is
longer), therefore, scene stimuli are strictly irrelevant to current
goals and to task requirements. Under such conditions, participants
typically fail to report the identity, or the category of the irrelevant
scenes. However, in some studies, following the critical trial in
which participants are asked about scene content, nonscene as well
as scene stimuli are to be reported and therefore both become
task-relevant (“divided attention” condition). When using such a
divided attention condition, participants show relative high scene
gist recognition rates (i.e., 65%, relative to 82% in a full-attention
condition, and 17% in the inattention condition, see Mack &
Clarke, 2012). As Mack and Clarke (2012) have indicated, the
divided attention condition resembles a dual task paradigm, which
in fact reflects a shared-attention situation, rather than an unattended one (as asserted by Li and colleagues, 2002). Our study
takes these findings one step further in demonstrating that to-bedetected scenes are processed and categorized involuntarily even
when focusing visual attention on a relevant location while trying
to ignore scene distractors appearing at irrelevant locations (see
also Peelen, Fei-Fei, & Kastner, 2009).
What is the mechanism underlying involuntary categorization of
unattended scene targets? Ever since the prominent work of Folk
and colleagues (e.g., Folk et al., 1992; Folk & Remington, 1998),
ample evidence has accumulated in demonstrating the effects of
top-down attentional sets on stimulus selection and processing.
According to the contingent attentional-capture theory (Folk et al.,
2002), when participants search for a target defined by a particular
visual feature or a stimulus property, the attention-allocation system is configured to prioritize processing of that property, resulting
in an involuntary shift of attentional resources to the location of
any stimuli carrying that feature. Capture of attention by taskrelevant stimuli (e.g., a colored distractor stimulus in a color
discrimination task) is observed even in focused-attention tasks,
where visual attention is constrained in advance to a particular
location, and irrelevant distractors appear elsewhere in the visual
field (e.g., Folk et al., 2002). In addition, attention capture is
observed when task-settings contain not only low-level feature
information but also high-level conceptual information (e.g., categorical identity of real world images, e.g., Wyble, Folk, & Potter,
2013; see also Reeder, van Zoest, & Peelen, 2015). According to
the contingent-capture model, the interference effect observed in
the current study with the task-relevant distractors (i.e., the uncued
images containing a target category) may be accounted for by an
involuntary shift of the focus of visual attention to the distractor’s
location. Note, however, that there is a critical difference between
studies generally supporting the contingent-capture model (e.g.,
Folk et al., 2002; Wyble et al., 2013), and the present study:
Whereas in the former a task-relevant distractor always precedes
the target, distractors in the present study appeared simultaneously
with the cued stimulus to which a response was required. It is
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unclear to what extent task-relevant effects in the two paradigms
reflect the same underlying mechanism. It may be the case, for
instance, that inadvertent spatial attention shifts occur only as long
as there is no other prioritized stimulus to “latch” onto at the very
moment, namely, when the distractor appears prior to (and separately from) the target stimulus. In addition, temporal uncertainty
regarding the target’s appearance may play an important role in the
“slippage” of spatial attention to an irrelevant distractor location
within the contingent-capture paradigm.
Several studies using paradigms in which target and distractor
stimuli are presented simultaneously, such as the well-known
flanker task (Eriksen & Eriksen, 1974), have posited that spatial
attention does not shift at all under focused-attention conditions.
Rather, attention remains focused on the target (e.g., cued) stimulus, while distractor processing takes place in parallel to target
processing (Cohen, Ivry, Rafal, & Kohn, 1995; Gronau et al.,
2009; LaBerge, 1983; Mitterer, Heij, & Van der Heijden, 2003;
Van der Heijden, 1992; see also Peelen et al., 2009). More specifically, according to some researchers (e.g., LaBerge, 1983; Ro,
Machado, Kanwisher, & Rafal, 2002), focusing attention on a
particular location creates a distribution of activation surrounding
it, with a peak at its focus and a gradual decrease of activation with
increasing distance from the focused area. Because of this gradient
of the attentional activation distribution, distractors appearing outside the focus of attention still receive some residual activation. In
the case of task-relevant stimuli, that is, stimuli that are prioritized
by task settings and therefore benefit from increased activation
levels and lower recognition thresholds, the residual activation
surrounding the main focus of attention is sufficient to affect
performance. Note that a recent study, however, has argued that
even the flanker effect may be accounted for by accidental shifts
(or a “slippage”) of the focus of visual attention to the distractors’
location, due to the flanker’s partial resemblance to the target (i.e.,
contingent capture; Gaspelin, Ruthruff, & Jung, 2014).
In the context of the present study, it is important to note that the
effects observed with the task-relevant (i.e., to-be-detected) distractors were in fact redundant with a response-congruency effect,
which is the hallmark of the flanker task. That is, same-category
target trials were composed of scene images that were not only
taken from the same superordinate category but were also associated with the same response activation; whereas different-category
trials (in the target-uncued condition) were composed of images
that activated different, conflicting responses. It is possible, thus,
that the effects observed with these distractors (and particularly
with the latter type of stimuli) were partially accounted for by
response-congruency factors, above and beyond pure effects of
categorical/semantic relations between stimuli. Importantly,
whether reflecting a mere conceptual/perceptual difference between scene categories or a more complex situation involving a
response-conflict component, and whether mediated by an attention capture mechanism or not, the influence of distractor images
possessing task-relevant properties on behavioral performance indicates that these types of stimuli are processed to a rather high
level even when presented outside the focus of visual attention.
Namely, scene distractors can be categorized at a basic or a
superordinate level, as long as they possess information which is
relevant to one’s task-set. We believe that the prioritization of such
scene stimuli by task requirements reduces the threshold for their
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detection and categorization, allowing their processing even when
positioned at an irrelevant location.
Notice that we present an approach according to which task
settings may actually modulate perceptual processing of stimuli
(e.g., Chelazzi et al., 1993; Desimone & Duncan, 1995; Duncan,
2006; Peelen et al., 2009). That is, although stimuli positioned
outside the focus of attention are generally processed to a coarse
level which does not reach the minimal threshold for categorization, attentional settings may enhance perceptual processing of
to-be-detected targets and streamline their categorization by lowering their recognition thresholds and/or by increasing their activation levels. Task-relevant and task-irrelevant distractors, therefore, differ in the level of their perceptual and conceptual
processing (an approach which resembles, or echoes the original
early selection models). An alternative view, however, may posit
that both types of distractors are processed to a similar perceptual
and categorical level, when appearing outside the focus of attention, at least to the level of determining whether they are part of the
target-set. Namely, the actual classification of a stimulus as “relevant” or “irrelevant” to one’s goals occurs only subsequent to,
and on the basis of the categorization of both types of stimuli.
Clearly, according to this view, all stimuli are similarly categorized, yet only task-irrelevant distractors are filtered-out by attentional mechanisms at a somewhat late (e.g., response-selection)
stage of processing (a view roughly corresponding to late-selection
models). Admittedly, our paradigm is not sufficiently sensitive to
dissociate these two accounts, thus, the least that could be concluded from our findings is that task-relevant scene distractors
differ from task-irrelevant ones in the manner by which they exert
influence on behavioral performance. As mentioned earlier, the
unique status of stimuli possessing task-relevant information has
long been documented, however, to our best knowledge, only little
research has directly examined the role of task-relevance in the
context of unattended, real-world scene and object image processing. Although our own view posits that target stimuli which belong
to a task-set differ from nontarget stimuli in the actual categorization process, it is yet to be determined whether this categorization is based on coarse detection of a set of distinctive visual
features (e.g., global scene properties or perhaps shapes of object
parts, see Evans & Treisman, 2005; Levin, Takarae, Miner, &
Keil, 2001; Walther & Shen, 2014) or on a more abstract, conceptual representation of the target category (e.g., Peelen et al., 2009;
Seidl-Rathkopf et al., 2015; Wyble et al., 2013; see also VanRullen, 2009). Future research will directly examine these questions.
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