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ABSTRACT
Despite decades of investigation, the relationship between attention and perceptual
organization is still unclear. It is largely acknowledged that attention is guided by perceptual
organization processes; however, the influence of attention on perceptual organization is
much less explored. This thesis aimed to investigate how attention influences perceptual
organization. Four studies constitute the thesis. In Study 1, we reviewed how Gestalt
psychology and the main theories of attention in cognitive psychology and neuroscience
relate attention to perceptual organization. This review showed that, although most current
theories predict an influence of attention on perceptual organization, there is a gap between
theories that explore the heterogeneity in perceptual organization and theories that explore the
variety of attentional phenomena. In Study 2, we conducted a meta-analysis of studies
investigating implicit processing of unexpected stimuli during inattentional blindness. This
review shows considerable evidence for implicit processing of unnoticed stimuli. In Study 3,
we attempted to replicate a previous event-related potential (ERP) experiment on implicit
texture segregation during inattentional blindness. The results only partially replicate the
original study. We discuss possible reasons for these results and relate to the literature on
implicit processing during inattentional blindness. In Study 4, we investigate how temporal
expectations influence ERPs evoked by stimuli grouped by common-fate. We show that
expectation influences common-fate grouping in more than one point in the time course of
perception, and that this influence is stronger for more ambiguous stimuli. In the general
discussion, the results from the four studies are discussed in relation to the literature on visual
attention and perceptual organization.
Keywords: Visual attention; Perceptual organization; Gestalt; EEG; Expectation.
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CHAPTER 1. GENERAL INTRODUCTION

[Este capítulo está em processo de submissão para publicação como artigo e foi omitido da
versão parcial da tese]

CHAPTER 2. THEORIES OF ATTENTION AND PERCEPTUAL ORGANIZATION

Nobre, A. P. (in preparation). Attention and perceptual organization from Gestalt psychology
to cognitive neuroscience.
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Abstract
Proposals about the relationship between attention and perceptual organization vary
across psychological theories. Historically, theories that attribute a privileged role to attention
tended to neglect the importance of perceptual organization processes and vice-versa.
However, in the last decades, this divide has narrowed, with attention and perceptual
organization being increasingly viewed as related. In this article, we revisit the position of
Gestalt psychology on the role of attention on perceptual organization. Then, we review the
main theories in cognitive psychology and cognitive neuroscience that propose relations
between both processes. We find that, in the last few decades, the relationship between
attention and perceptual organization has come to be regarded as bidirectional. However, the
increasingly acknowledged heterogeneity of perceptual organization makes this relationship
complex and challenges current theories. We conclude by pointing some issues for current
theories that connect attention and perceptual organization.
Keywords: perceptual organization; attention; Gestalt; cognitive psychology; cognitive
neuroscience
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[Este capítulo está em processo de submissão para publicação como artigo e foi
omitido da versão parcial da tese]

CHAPTER 3. IMPLICIT PROCESSING DURING INATTENTIONAL BLINDNESS:
A SYSTEMATIC REVIEW AND META-ANALYSIS

Paper under review
Nobre, A. P., Melo, G. M., Gauer, G., & Wagemans, J. (2020). Implicit processing during
inattentional blindness: A systematic review and meta-analysis. Manuscript submitted for
publication.
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Abstract
The occurrence of implicit processing of visual stimuli during inattentional blindness is still a
matter of debate. A better understanding of this issue may ultimately offer insights into the
relationship between attention and consciousness. To assess the evidence available in this
debate, we conducted a systematic review of papers that explored whether unexpected visual
stimuli presented in inattentional blindness designs are processed despite not being reported
by participants. In a second step, we employed meta-analysis to combine 51 behavioral
experiments and investigate the statistical support for such implicit processing across
experiments. The results showed that visual stimuli can be processed when unattended and
unnoticed. Additionally, we reviewed the tasks used to assess participants’ awareness of the
unexpected stimuli and used a meta-analytic model to search for indications of awareness of
the unexpected stimuli across experiments. The results showed no evidence that participants
were aware of the unexpected stimuli. Furthermore, we observed that a variety of procedures
were employed to assess participants’ awareness of the stimuli, adopting different criteria
which are not always described in detail. We discuss the implications of these results for the
study of implicit processing and the role of attention in visual cognition.
Keywords: implicit processing; inattentional blindness; unconscious processing; systematic
review; meta-analysis
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[Este capítulo está no prelo para publicação como artigo e foi omitido da versão
parcial da tese]

CHAPTER 4. IMPLICIT TEXTURE SEGREGATION DURING INATTENTIONAL
BLINDNESS

Published as a data article:
Nobre, A. P., Nikolaev, A. R., & Wagemans, J. (2020). High-density scalp EEG data
acquired in an inattentional blindness paradigm with background Gestalt stimuli. Data in
Brief, 28, 104901. https://doi.org/10.1016/j.dib.2019.104901
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Abstract
A recent experiment revealed event-related potential (ERP) correlates of inattentional
blindness using a texture segregation task (Pitts, Martínez, & Hillyard, 2011). In this study,
we aimed to replicate that experiment. Thirty-seven participants performed an attentionally
demanding task while on the background multiple white lines changed orientation on each
trial. In 40% of trials, the lines formed a square pattern; on other trials the orientations of the
lines were random. The experiment comprised one practice session and three test sessions.
After the first and second sessions, an awareness questionnaire was administered to the
subjects to assess if they noticed the square. Based on the participants’ responses, they were
categorized as aware or unaware of the square. EEG was recorded from 256 electrodes during
all sessions. Mean ERP amplitudes were extracted from two time windows (220-280 and
300-340 ms after stimulus onset, where the original study showed ERP effects of texture
segregation and awareness, respectively) over the parietal-occipital regions. A difference in
the first time window was observed between square and random patterns in sessions 2 and
three. However, contrary to the findings of the original study, no differences between the
patterns were observed in session 1 for either group. The same pattern of results was
observed for the second time window. No effects of group were found in either window.
Correlation tests showed no correlation between mean amplitudes in the second time window
and questionnaire responses. Thus, we only partially replicated the results by Pitts et al.
(2011). We discuss the implications of those results for the relationship between attention and
implicit texture segregation and for inattentional blindness paradigms.
Keywords: attention; electroencephalography; Gestalt; texture segregation; awareness
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The study of unconscious processes has gained considerable attention in the last
decades within cognitive science. Not only is the topic theoretically relevant, for example, for
theories of consciousness (e.g., Dehaene & Charles, 2014; Pitts et al., 2018), it has also been
used to characterize neuropsychological disorders (Weiskrantz, 1990). Furthermore, implicit
biases and associations have been the target of several studies (De Houwer et al., 2009;
Greenwald et al., 2015), with unconscious bias training being employed in several
organizations nowadays (Noon, 2018).
Nevertheless, the relationship between awareness and multiple cognitive processes is
not well understood. In visual processing, one of the functions commonly attributed to
consciousness is information integration: the combination of independent features, such as
color, location and motion, into a unified percept (Mudrik et al., 2014). Specifically, it has
been suggested that integration might be one of the hallmarks which differentiate conscious
processing from unconscious processing: whereas unconscious processing of visual input is
carried out separately in parallel, conscious awareness are integrated into a coherent whole.
Several types of integration exist; for example, filling-in phenomena such as the
perception of Kanisza shapes (Kanizsa, 1979); and contextual effects of surroundings on the
perception of color of a target (Lamme, 2015). There is evidence for some types of
integration in the absence of awareness, such as integration between objects and backgrounds
into scenes, and between orientation and location (Keizer et al., 2015; Mudrik et al., 2011),
while others, such as organization of Kanisza surfaces and perception of faces types, have not
been observed outside of awareness (Lamme, 2015; Moors et al., 2016; Shafto & Pitts, 2015).
Here, we consider subjects as aware of a stimulus if they are able to report the presence of the
stimulus (Merikle, 1984; Seth et al., 2008) Gestalt integration phenomena, such as grouping
according to Gestalt laws and figure-ground segregation, have been proposed as a possible
boundary between conscious and unconscious processing (Lamme, 2015).
A number of methods are employed to make stimuli unaware to participants.
Breitmeyer (2015) lists 24 methods, including manipulations of “stimulus strength” or
bottom-up activation, use of bistable figures, and manipulations of attention. Those
procedures influence visual processing at distinct levels; for example, some procedures leave
semantic processing intact, while others do not (Breitmeyer, 2015). Manipulations of
stimulus strength employ procedures such as short presentation times, low contrast and
masking (Breitmeyer, 2015; Dehaene et al., 2006) that make stimuli more difficult or
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impossible to detect or discriminate. Experimental paradigms along this line include
binocular rivalry and continuous flash suppression (CFS; Faivre & Koch, 2014). Binocular
rivalry consists in the presentation of different images to distinct eyes, leading to perceptual
alternations between images, despite both of them being presented continuously (Platonov &
Goossens, 2014). This method is believed to activate low-level rivalry mechanisms as early
as the LGN or V1 (Breitmeyer, 2015). CFS, by flashing stimuli to one eye, renders stimuli in
the other eye unconscious (Tsuchiya & Koch, 2005); the mechanisms involved in this
suppression include a reduction in the flow of information to higher visual areas (Moors et
al., 2016).
Another method to make participants unaware of stimuli is to manipulate top-down
attention. Most theories of attention assume that attention and awareness are somehow
related, although the specific nature of this relationship is not clear. Some researchers
propose that attention and awareness are dissociable (Koch & Tsuchiya, 2007; Van Boxtel et
al., 2010), whereas others consider that attention is necessary for awareness (Dehaene et al.,
2006, 2014; Pitts et al., 2018). In this respect, it is not clear how manipulations of attention
influence distinct levels of processing, compared to other manipulations. For example,
crowding – the impairment in peripheral recognition of cluttered objects (Whitney & Levi,
2011) – and metacontrast masking – backward masking by spatially adjacent stimuli
(Breitmeyer & Ogmen, 2006) – both reduce awareness of stimuli, but work by influencing
stimulus strength rather than attention. Those manipulations influence distinct levels of the
visual processing hierarchy (Breitmeyer, 2015). Hence, when manipulations of stimulus
strength provide evidence for implicit integration, such evidence does not necessarily
generalize to studies manipulating attention.
In order to investigate the relationship between attention and awareness, some
paradigms have been employed to generate situations of inattention while manipulating
stimulus features to examine if the stimulus is processed, and, if so, to what extent. Examples
include change blindness, attentional blink and dual task designs (Cohen et al., 2012).
Another paradigm is inattentional blindness (occasionally referred to as just “inattention”;
Most et al., 2005; Pitts et al., 2011; Simons & Chabris, 1999).
Inattentional blindness refers to the absence of conscious perception of an unexpected
stimulus when attention is diverted away from that stimulus towards an attentionally
demanding concomitant task (Mack & Rock, 2000; Most, 2010). In a typical inattentional
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blindness experiment, participants are requested to perform an attentionally demanding main
task (Most, 2010). At some point during that task (the "critical trial" or "inattention trial"), an
unexpected critical stimulus is presented concomitant to the main task, often in the
background. Importantly, participants are not informed about this stimulus during the
instructions. After the presentation of the unexpected stimulus, participants are inquired about
it, and then are requested to continue performing the task, until the same critical stimulus is
presented for a second time ("divided-attention trial"). After being questioned once again
about the critical stimulus, participants are requested to start ignoring the main task and
attend to the critical stimulus instead ("full attention trial"). Typically, some proportion of
participants do not notice the critical stimulus during the inattention trial. The number of
participants who miss the critical stimulus varies with characteristics of the task such as
perceptual load, spatial relationship between main stimuli and the unexpected stimulus, and
similarity between the main stimuli and the unexpected stimulus (Most, 2010).
The extent to which the unexpected stimulus is processed during inattentional
blindness is a matter of debate. A number of studies have been conducted investigating
whether various types of processing occur during inattentional blindness: Simon effect (Lo &
Yeh, 2008; Moore et al., 2004), amodal completion (Moore et al., 2003), and modal
completion (Moore & Egeth, 1997). Some studies have shown that Gestalt integration
processes can occur when participants are unaware of the stimuli due to inattention (Moore et
al., 2003), while others found opposite results (Lo & Yeh, 2008; Moore et al., 2004).
It has been suggested that attention is needed for integration of independent visual
features into a representation of an object (Allport, 2011; Paul & Schyns, 2003; Treisman &
Gelade, 1980). Crucially, the literature suggests that distinct types of Gestalt grouping place
different degrees of attentional demands, and therefore lead to different results concerning
Gestalt integration during inattention. For example, Kimchi and Razpurker-Apfeld (2004)
investigated grouping by similarity during inattention. Participants performed a change
detection task on a matrix presented at the center of the screen with two types of trials: sametrials and change-trials. In the background, stimuli could be grouped by similarity, in patterns
of columns or rows; or they could be presented with no grouping at all. Implicit grouping was
assessed with an online measure, consisting in the interference of changes in the background
grouping on the performance in the main task. Results showed better performance in sametrials when the grouping in the background did not change; inversely, performance in changetrials was higher when the background grouping changed as well. This is taken as evidence
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that participants grouped the elements in the background, which interfered with their
responses. Inattention was assessed with a surprise retrospective question about the
configurations, the responses to which showed that most participants were unable to report
when the configuration of those stimuli changed. Since grouping seemed to occur in the
background, as indexed by the online measure, and participants were not aware that such
grouping occurred, the authors concluded that grouping had been occurred unconsciously or
implicitly. Other studies using the same online measure, but different types of grouping, led
to heterogeneous results (Rashal et al., 2017; Russell & Driver, 2005), suggesting that
multiple types of grouping are influenced differently by attention (Kimchi, 2009). The
reasons for these differences are currently not clear.
One potential issue in the discussion about distinct types of grouping is the nature of
the measure of processing employed. Although online measures avoid potential memory
issues (Kimchi & Razpurker-Apfeld, 2004; Moore & Egeth, 1997), assessing grouping
through attentional costs in a central task assume that such grouping process would compete
for brain resources. However, it is possible, and indeed likely, according to resource-directed
theories of attention (Pashler, 1998), that unattended processes do not consume resources. A
better measure of attention would be an online index of attention that is unrelated to the main
task performed by the subject. Event-related potentials (ERPs) constitute such a measure.
To date, only a few studies have investigated EEG correlates of the processing of
unconscious stimuli during inattentional blindness (Koivisto & Revonsuo, 2010). One of the
reasons for the scarcity of EEG studies in inattentional blindness is the structure of this
paradigm. Because participants become aware of the unexpected stimulus after the first
inquiry, most inattentional blindness studies have only a single inattention trial. This makes it
impossible to investigate the processing of the unexpected stimulus with techniques that
require averaging across multiple trials, like ERP.
Pitts and colleagues (2011) investigated implicit texture segregation during
inattentional blindness using ERPs. They modified the typical inattentional blindness
paradigm to include a large number of trials for inattention, divided attention and full
attention conditions. The main task was a contrast detection task, while, in the background, a
matrix of randomly-oriented white segments was presented concurrently. Occasionally, the
white segments configured into a square within the matrix (the critical stimulus). The authors
reported two main results: (1) a negative difference in the ERP amplitude in the time window
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from 220 to 260 ms (Nd1) between square and random configurations; and (2) a negative
difference in the window from 300 to 340 ms (Nd2) between aware and unaware phases. The
first negativity suggested that contour integration/texture segmentation could be performed
without awareness. The second negativity was interpreted to correspond to the visual
awareness negativity (VAN) observed previously by Koivisto and Revonsuo (2010). The
authors concluded that texture segregation did not demand attention to occur, and that
awareness of irrelevant stimuli could be indexed by the VAN, as proposed by other studies.
Some earlier studies had shown results along the same lines. Yeshurun and Carrasco
(2000) observed that attention modulated early responses associated with texture
segmentation, consistent with modulation of activity as early as V1. Scholte et al. (2006) used
an inattentional blindness paradigm with MEG and fMRI measures to investigate the
processing of background checkerboard textures during an RSVP task. They observed higher
activity for the textures than for homogeneous backgrounds in inattentionally blind
participants. However, they found no difference in early MEG activity (up until 240 ms)
related to the unexpected stimulus between aware and unaware participants. The fMRI data
showed a similar pattern of results, with differential activity between aware and unaware
participants appearing only in V3a. This suggests that attention did not have an effect, in
contrast with the results of Yeshurun and Carrasco (2000).
However, not all types of integration are observed without awareness. Even within the
domain of Gestalt processes, there is variation among behavioral results with the inattention
paradigm (e.g., Kimchi & Razpurker-Apfeld, 2004; Rashal et al., 2017; Russell & Driver,
2005). This paradigm could be employed to investigate further types of integration, such as
figure-ground segmentation or motion integration.
With regards to the study by Pitts et al. (2011), there are some caveats which need to
be pointed out. First, some behavioral results show contrasting results to the ones shown by
Pitts et al. (2011), with no implicit texture segregation being observed during inattention.
Additionally, because awareness was assessed only at the end of the blocks, each of which
consisted of many trials, it is possible that conscious and unconscious trials were mixed
within phases. If that is the case, it is possible that the implicit texture segregation effects
observed were actually due to trials where participants consciously perceived the stimuli. In
that case, even if texture segregation cannot occur implicitly, the results may point to this due
to mixing between conscious and unconscious trials.
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Evidence that results concerning implicit processing might actually be caused by
conscious or explicit processing comes from a recent meta-analysis (Vadillo et al., 2016).
This meta-analytic review pooled several studies which had found implicit learning, and the
results indicated that participants in those studies were in fact aware of the stimulus.
Moreover, a recent study reanalyzed data from some studies on implicit processing (Shanks,
2017), and found they were unable to reproduce the results. This suggests that it might be
important to replicate previous studies which obtained evidence for implicit processing.
The goal of this paper was to replicate the results of Pitts et al. (2011), while
introducing some modifications to avoid some potential sources of noise in the results. First,
we introduced a procedure to keep task difficulty constant across the task, to try to avoid
practice effects. The reason for this change was that, when difficulty is constant across
blocks, participants may automatize performance of the task, such that attention might “spill
over” to the background. Second, we changed the shape of the background, to avoid having it
coincide with the shape of the unexpected configuration. Third, we changed the duration of
the unexpected stimulus to avoid confounds between stimulus offset and one of the ERP
effects observed in Pitts et al. (2011).
Using the same data as Pitts et al. (2011), a subsequent study (Pitts et al., 2014)
analyzed the P3 wave between 350 ms and 550 ms. The rationale for this was that, after the
first awareness assessment, background stimuli are conscious, but not task-relevant. In
contrast, in the last phase of the experiment, the task was to detect background stimuli; hence,
background stimuli were both conscious and task-relevant. They observed a difference in P3
mean amplitude between square and random configurations only in the third phase. Thus,
they observed that while the Nd2 reflected awareness of stimuli regardless of task relevance,
the P3 indexed the processing of stimuli that were both conscious and task-relevant. In this
study, we performed the same analysis on the P3 as Pitts et al. (Pitts et al., 2014).
Additionally, we investigated if pre-stimulus alpha activity influenced implicit
processing of the unexpected stimuli and noticing of the unexpected stimuli. Pre-stimulus
alpha activity has been observed to influence processing of background irrelevant stimuli and
visual awareness of stimuli (Mathewson et al., 2009), as well as the detection of thresholdlevel stimuli (Ergenoglu et al., 2004). Analysis of alpha activity allows to correlate prestimulus alpha activity with ERPs on single trials. We took advantage of this to investigate if
pre-stimulus alpha activity at the trial level would predict differences in the Nd2 component
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reported in the Pitts et al. (2011) paper. We reasoned that, if pre-stimulus alpha activity
influenced awareness, we would observe an effect of configuration as a function of prestimulus alpha power.
Methods
Participants
Thirty-seven undergraduate Psychology students, participated in the study for credits.
Data from two participants were excluded due to problems during EEG recording. Four other
participants were excluded because of EEG artifacts revealed during the analysis. One subject
was excluded because she did not understand the awareness questionnaire. The final sample
consisted of 30 participants (6 male), aged 18-28 years (mean = 20.1, SD = 2.09).
Stimuli
We employed stimuli similar to the ones used by Pitts et al. (2011), with some
changes. A red ring (4.9° radius, 13.4 cd/m2) appeared on a dark (0.07 cd/m2) background.
Eight discs (1° radius each), matching the ring in color and luminance, were superimposed on
the ring. The angular distance between any two neighboring discs was π/4 radians. At all
times, a central fixation cross (0.5°), in the same color and luminance as the discs, was
present at the center of the screen. During 10% of trials, one of the discs’ luminance was
decreased. In the original design by Pitts et al. (2011), a rotation of the ring clockwise or
counterclockwise constituted an attention-capturing event intended to prevent participants’
attention from being captured by the changes in the background. To maintain this trial-bytrial attention capturing event, we introduced that another event that coincided with the trial
period, consisting of the ring and discs appearing and disappearing in each trial (as described
next). With this change, we hoped to avoid subjects from tracking the motion of the ring with
eye movements.
In the original study by Pitts et al. (2011), white segments were presented at all times
in a background grid, configuring a 20 x 20 square matrix. We decided not to have a
background configuration of the same shape as the critical stimulus to avoid any context
effects that might lead participants to notice the square. Thus, we increased the size of the
grid to 70 x 90 segments, which filled a larger region of the background than the original
matrix. The grid was composed of 6300 white segments (0.34° length, 52.5 cd/m2), separated
by a distance of 0.46° both vertically and horizontally. A circular inverted Gaussian mask
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with a radius of 5.65° was superposed on the matrix, so that only a circular region in the
center was visible.
The background segments were presented in three different configurations during
trials: random, square and diamond (Figure 4-1). In the random configuration, the segments
were drawn randomly. In the square and diamond configuration, a subset of the segments was
presented randomly to configure a square pattern (3.5° x 3.5°) or a diamond pattern (3.2° x
3.2°), respectively, centered on the fixation cross. During the baseline period, the background
was always presented in a random configuration. Trials were separated by a baseline period
lasting from 500-700 ms, during which only the fixation cross and the background stimuli
were present.

Figure 4-1
Configurations of the background stimuli. A: random configuration; B: square contour; C:
diamond contour

Procedure
The experiment was conducted in an electrically shielded dark room. Participants sat
57 cm from a 14-inches LED screen with a 60 Hz refresh rate. The task was run using the
Psychopy software (Peirce, 2007, 2009). Before the experiment, participants were shown a
screenshot of the ring and discs superposed on the white segments, which were configured
randomly. The participants’ task was to press a space bar with their index finger as fast and
accurately as they could when they noticed a darker disc. No mention was made to the
participants of the white segments. Participants who inquired about the purpose of the
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segments were told that they created visual noise in order to make the task harder, but no
further comments were made about the segments.
The trial structure is depicted in Figure 4-2. Each trial started with a baseline in which
the background segments were presented randomly and neither the disc nor the rings were
present. Once every second, remaining on-screen for a period between 400-500 ms. In the
study by Pitts et al. (2011), trials had a fixed duration of 300 ms. Because this duration
coincided with the onset time of the effects of the Nd2 observed by Pitts et al. (2011), we
presented the stimulus for a longer duration and introduced a jitter of 100 ms in the stimulus
duration to avoid confounds with the offset of the stimulus.
In each trial, one of the eight discs, determined randomly, had its contrast decreased.
In the original study by Pitts et al. (2011), the amount of decrement was fixed in each block.
Such a design might allow for practice effects, such that the task becomes easier throughout a
session. This might result in the main task being less attentionally demanding in later trials
within blocks than in earlier trials. To keep task difficulty constant during the testing phase,
we employed a QUEST procedure (Watson & Pelli, 1983) to determine target luminance in
each target-present trial, instead of using a fixed decrement. The QUEST is an adaptive
procedure which employs prior information to efficiently fit a Weibull psychometric function
to the data in each trial; this psychometric function is then used to determine stimulus
intensity. The procedure ended when a maximum number of 60 target-present trials was
reached.
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Figure 4-2
Structure of one trial and examples of positive and negative feedback in the main task
following correct and incorrect responses, respectively

Due to the high difficulty of the main task, in contrast to Pitts et al. (2011), we
introduced feedback to encourage participants to focus on the main task. A green (for correct
responses) or red (for misses or false alarms) circumference with a diameter of 0.22° was
presented around the fixation cross immediately after a response, or for 66 ms after the trial
period in target-present trials when no responses were emitted.
The experiment was divided in four sessions: one practice session and three test
sessions. The practice session comprised five blocks of 60 trials each, while the test phases
had 10 blocks of 60 trials each. Between blocks, participants had self-paced pauses. They
started the next block by pressing the space bar. During practice, no patterns were presented
among the segments. Participants were not informed that the first session was actually a
practice session, to avoid creating expectations about changes that occurred between the
practice and the test sessions.

27

After the second test session, participants were asked to respond to a questionnaire
about the unexpected stimuli (provided in Appendix A). This questionnaire consisted in a
yes-or-no question and a free recall question (to which participants might answer by writing
or drawing) about the unexpected stimulus. The questionnaire also included two rating scales.
Additionally, we included a question about the blocks during which the participants noticed
the unexpected stimuli, for those who were aware of it. After answering the questionnaire,
they were requested to continue performing the task and told that they could ask any
questions at the end of the experiment. Before the last session, the experimenter required the
participants to ignore the discs and to attend to the background patterns instead. During this
session, the task was to respond to the diamond pattern. Participants were instructed that the
discs and the square pattern were irrelevant for this new session.
Electrophysiological Recordings
EEG data were collected using a Geodesic Sensor Net with 256 Ag/AgCl electrodes
and a high input-impedance Net Amps dense-array amplifier (Electrical Geodesics, Inc.,
Eugene, OR). Data were digitized at a sampling rate of 250 Hz. Sensors for horizontal and
vertical electrooculograms (EOGs) were included in the EGI net. Impedance was kept below
50 kΩ. All electrodes were referenced to the vertex electrode (Cz) and were filtered on-line
using a low-frequency cutoff of 0.1 Hz and a high-frequency cutoff of 100 Hz.
Data Analysis
Two participants were excluded due to technical problems during EEG recording.
One participant answered “no” to the second questionnaire; but a debriefing after the
experiment indicated that the participant had been aware of the patterns during the second
block, despite answering “no” in the questionnaire. Because this suggested that the responses
of this subject to the second questionnaire were unreliable, this participant was also excluded.
Statistical analyses of behavioral and EEG data were conducted using the R software (R
Development Core Team, 2017) and the SPSS Software v. 22.
Behavioral Analysis
For the main task, we analyzed reaction times in the main task. RTs above or below
three standard deviations from the mean were excluded as outliers. This analysis was carried
out only for sessions 1 and 2, as the task in session 3 was a different one.
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All participants who drew or referred to a square in the free recall question were
considered aware of the unexpected stimulus. Otherwise, participants were judged aware or
unaware according to their response in the yes-no question and the rating scales: If they
answered “no” to the yes-no question and rated three or less in the confidence rating and the
frequency rating, they were considered unaware. Conversely, if they answered “yes” to the
yes-no question or rated four or more in either the confidence rating or the frequency rating,
they were considered aware.
ERP Analysis
EEG data was preprocessed using BrainVision Analyzer 2 software (Brain Products
GmbH, Gilching, Germany). The EEG data was filtered with a Butterworth zero-phase filter
with a low cutoff frequency of 0.53 Hz and a high cutoff frequency of 30 Hz, with a filter
slope of 48 dB/oct for both cut-offs. 95 electrodes on the lower part of the head were
excluded because they were subject to frequent muscle artifacts, in addition to five frontal
electrodes.
For the remaining 156 electrodes, the continuous EEG data was segmented into trials
starting at 100 ms before stimulus onset and ending at 600 ms after stimulus onset. We ran an
automatic artifact detection procedure using the recording reference electrode Cz. The
following criteria were employed for artifact rejection: trials were excluded in which the
absolute voltage difference exceeded 50 µV between two neighboring sampling points, the
amplitude was outside -100 or +100 µV, or the amplitude was lower than 0.5 µV during more
than 100 ms in any electrode. On average, 13.96% of trials were excluded in artifact
rejection. Data from two participants who had more than 33% artifact trials were excluded
from further analysis. An electrode was marked as bad and excluded from the participant’s
dataset if its amplitude exceeded the above thresholds in more than 10% of all trials.
Electrodes that were excluded for this reason were replaced by a linear interpolation of the
surrounding electrodes. Data from two participants were excluded from the analyses of
session 3 due to problems during recording; for those analyses, a sample size of 28 was
employed.
The EEG was averaged across trials and corrected to a -100 ms prestimulus baseline
interval. All electrodes were re-referenced to an average reference. We selected the electrodes
in the regions of interest (ROIs) corresponding to the ones used by Pitts et al. (2011):
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Occipital ROI (Nd1): E119, E126, E116, E150, E117, E139, E118, E127;
Occipital-parietal ROI (Nd2): E85, E86, E87, E96, E97, E98, E99, E109, E108, E107,
E141, E153, E162, E171, E170, E160, E161, E152, E151, E140.
We focused on the two components investigated by Pitts et al. (2011): (1) the negative
component Nd1, in the window between 220 and 260 ms in the occipital region; and (2) the
negative component Nd2 in the window between 300 and 340 ms in the occipital-parietal.
We obtained the mean amplitude in the respective time windows and compared them using a
mixed ANOVA with two within-subjects fixed factors: configuration (random vs. square) and
session (1, 2, and 3); and one between-subjects random factor (aware vs. unaware group). We
included session 3 in our analysis to investigate if our stimuli elicited ERPs related to texture
segregation and awareness when participants focused their attention on them, we ran the
same analyses on the data from session 3. We also compared P3 mean amplitudes between
square and random configurations and across sessions to investigate if task relevance could
be dissociated from awareness, as in Pitts et al. (2014). For the extraction of P3 amplitude we
selected the time window between 350 and 550 ms. A ROI of 19 electrodes (E44, E185, E53,
E144, E45, E132, E79, E80, E81, E131, E90, E89, E130, E143, E88, E100, E101, E129,
E142) was chosen, corresponding to the electrodes in Pitts et al. (2014). For all tests, a
significance level (α) of .05 was adopted.
Finally, we computed correlations between the mean amplitude differences for the
Nd1 and Nd2 components and the responses to the square for the first awareness
questionnaire. This aimed at replicating the results from Pitts et al. (2011), who observed
positive correlations between Nd2 and awareness measures, but not between Nd1 and
awareness measures.
Alpha Activity Analysis
We explored whether pre-stimulus alpha activity would be related to awareness at the
behavioral level, as indicated by responses to the awareness questionnaire. We also
investigated the relationship between alpha activity and contour integration and awareness at
the electroencephalographic level, as indexed by the ERP components Nd1 and Nd2,
respectively.
For these analyses, the continuous data were segmented from -500 to 600 ms relative
to stimulus onset. Segments containing artifacts were rejected using the same criteria as for
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the ERP analysis. We used a fast Fourier Transform to extract alpha power in the interval (500 to 600 ms) to obtain the power spectrum with a resolution of 1.95 Hz after applying a
Hanning window of 10% of the interval length. Spectral lines between 7.5 and 13.5 Hz were
summed to extract power in the alpha band. Because alpha activity is most prominent over
the parieto-occipital sites, we selected 42 electrodes over that region: E101, E119, E126,
E137, E129, E128, E127, E138, E142, E141, E140, E139, E149, E153, E152, E151, E150,
E162, E161, E160, E159, E171, E170, E100, E110, E118, E88, E99, E109, E117, E125, E87,
E98, E108, E116, E124, E86, E97, E107, E115, E85, E96.
We then performed the following comparisons. Initially, we compared alpha activity
between the aware and unaware groups to investigate if the difference in awareness measured
behaviorally would be reflected on a difference in alpha activity. Afterwards, we performed a
median split of participants based on the power of the pre-stimuli alpha activity, resulting in
two groups with high- and low alpha power. Then, we explored whether alpha activity is
related to Nd1 or Nd2 by comparing the mean amplitudes of these components between alpha
groups in the first session, when some participants were aware and others were unaware. At
the trial level, we sorted single-trials ERPs by alpha power using a median split, resulting in a
low trial-level alpha group and a high trial-level alpha group. Afterwards, we compared Nd2
mean amplitudes between square and random configurations and between trial-level alpha
groups.
Results
Behavioral Results
RTs for correct responses in both configurations are shown in Table 4-1 for both groups.

Table 4-1
Means and standard deviations (in parentheses) of RTs by configuration, session, and
awareness group, in ms
Unaware group
Configuration

Aware group

Session 1

Session 2

Session 1

Session 2

Square

643.24 (43.21)

638.45 (58.50)

651.56 (60.72)

636.24 (41.79)

Random

639.26 (49.77)

638.62 (56.04)

644.30 (44.54)

633.58 (50.67)
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To test for the possibility that the background stimuli captured attention
automatically, we ran a 2 x 2 x 2 ANOVA with RT as dependent variable, the within-subjects
factors of configuration (random vs. square) and session, and the between-subjects factor of
awareness group. No significant effects were observed for either configuration (F(1,30) = 0.5,
p = .49), session (F(1,30) = 1.0, p = .32), or group (F(1,30) = 0.01, p = .91).
Table 4-2 shows the results for the awareness questionnaire. All participants from
both groups were aware of the background square configuration during session 2.
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Table 4-2
Results of the awareness questionnaire by session and group
Group

N of participants who

Mean confidence ratings

reported each shape
Square Diamond Neither

Diamond

Horizontal

X

Rectangle Pattern

Square

Four

Mean frequency ratings
Vertical

Squares Rectangle

Diamond

Horizontal

X

Rectangle Pattern

Square

Four

Vertical

Squares

Rectangle

Session 1
Unaware

0

0

13

group

Aware

14

6

3

group

2.61

1.77

3.08

2.23

2.15

2.15

2.61

1.54

2.54

1.54

1.54

1.61

(1.32)

(1.01)

(1.04)

(1.48)

(1.21)

(1.46)

(1.32)

(0.66)

(1.26)

(0.66)

(0.88)

(0.87)

3.35

2.00

3.12

4.17

2.41

2.70

2.82

1.65

3.23

3.47

1.88

2.35

(1.27)

(1.17)

(1.05)

(1.07)

(1.12)

(1.10)

(1.01)

(0.70)

(1.09)

(1.33)

(0.78)

(1.00)

4.15

2.15

2.08

4.92

2.15

1.92

2.77

1.54

1.77

4.31

1.61

1.38

(1.28)

(1.14)

(1.32)

(0.28)

(1.40)

(1.19)

(1.23)

(0.52)

(0.83)

(0.85)

(0.87)

(0.51)

4.05

1.94

2.59

4.88

1.88

2.47

3.35

1.53

2.06

4.59

1.41

1.76

(1.43)

(1.03)

(0.87)

(0.33)

(1.05)

(1.12)

(1.22)

(0.62)

(1.09)

(0.51)

(0.51)

(0.90)

Session 2
Unaware

13

8

0

group

Aware
group

17

7

0
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ERP Results
Grand averaged waveforms for both square and random configurations in sessions 1, 2
and 3 for both ROIs are shown in Figure 4-3 for the Nd1 and in Figure 4-4 for the Nd2.

Figure 4-3
Grand averaged waveforms and scalp maps for square and random configurations, separated
by session and awareness group, for the Nd1 (220-260 ms)
Random

Square
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Means and standard deviations for the Nd1 and Nd2 by configuration, group, and
session are plotted in Figure 4-5. A mixed ANOVA with the factors of configuration, session,
and group, and Nd1 mean amplitude as dependent variable revealed a main effect of
configuration, F(1,28) = 23.07, p < .001, η2P = .452; a main effect of session, F(1,28) = 11.90,
p = .002, η2P = .298; and no effect of awareness group, F(1,28) = 0.85, p = .363, η2P = .030. In
contrast to Pitts et al. (2011), we did find an interaction between configuration and session
(F(1,28) = 18.59, p < .001, η2P = .399). There was no three-way interaction between
configuration, session, and group (F(1,28) = 1.27, p = .269, η2P = .043). Follow-up
comparisons showed a significant difference in Nd1 amplitude between the square and
random configurations in sessions 2 (t(29) = -2.80, p = .009) and 3 (t(29) = -5.37, p < .001),
but not in session 1 (t(29) = -1.62, p = .116).
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Figure 4-4
Grand averaged waveforms and scalp maps for square and random configurations, separated
by session and awareness group, for the Nd2 (300-340 ms)
Random

Square
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For the Nd2, we found a main effect of session (F(1,28) = 13.56, p = .001, η2P = .326),
with significant differences between both sessions 1 and 2 (p = .003) and sessions 2 and 3 (p
< .001). We also observed an effect of configuration (F(1,28) = 10.62, p = .003, η2P = .275),
but no effect of group (F(1,28) = 0.58, p = .812, η2P = .002). There was an interaction between
configuration and session (F(1,28) = 27.83, p < .001). Separate t-tests showed this interaction
to be due to a difference between square and random configurations in sessions 3 (t(29) = 5.09, p < .001), but not in session 1 (t(29) = 0.58, p = .566) or session 2 (t(29) = 0.43, p =
.669).

Figure 4-5
Mean amplitude for the Nd1 and Nd2 by configuration, session and awareness group. Data
points are means; error bars are standard errors of the mean across 30 participants

Concerning P3 amplitude, a 2x3x2 ANOVA with configuration, session and group as
factors showed a significant effect of configuration (F(1,28) = 45.86, p < .001, η2P = .621),
with a larger P3 amplitude for square trials compared to random trials. There was also an
effect of session (F(1,28) = 28.44, p < .001, η2P = .504), and no effect of group (F(1,28) =
1.13, p = .297, η2P = .039). Pairwise comparisons revealed that there was a significant
difference between sessions 1 and 3 (p < .001) and sessions 2 and 3 (p < .001), but not
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between sessions 1 and 2. An interaction between configuration and session (F(1,28) = 32.82,
p < .001, η2P = .540) was also present, with the configuration effect being present only during
session 3. No other interactions were observed. Waveforms for the channels used in the
analysis of P3 amplitude are shown in Figure 4-6.
Alpha Activity Results
We first compared mean alpha power between aware and unaware groups. This
analysis did not show any significant differences between groups (t(29) = 0.887, p = .382).
Then, we compared Nd1 and Nd2 mean amplitudes between alpha groups defined by the
median split with an ANOVA with the factors configuration and alpha group. For the Nd1, no
effects of alpha group (F(1,28) = 0.05, p = .862, η2P = .002) or configuration (F(1,28) = 1.40,
p = .241, η2P = .05), and no interactions. For the Nd2, there was no effect of alpha group
(F(1,28) = 0.843, p = .366, η2P = .028) or configuration (F(1,28) = 0.60, p = .443, η2P = .02);
however, there was an interaction between configuration and alpha group (F(1,28) = 6.71, p =
.015, η2P = .182). Post-hoc tests indicated that the difference between square and random
configurations was present only in the low alpha group (t(15) = 2.13, p = .049), but not in the
high alpha group (t(15) = -1.39, p = .166).
In the analysis of alpha power at the trial level, we ran an ANOVA with configuration
and trial-level alpha group as factors and Nd2 mean amplitude as outcome. Results showed no
effect of configuration (F(1,28)= 0.65, p = .448, η2P = .02), a significant effect of trial-level
alpha group (F(1,28)= 18.20, p < .001, η2P = .370), and an interaction between configuration
and trial-level alpha group (F(1,28)= 6.02, p = .02, η2P = .163). Follow-up tests showed that
the difference between square and random configurations is present only in the high trial-level
alpha group (t(29) = 2.13, p = .05), but not in the low trial-level alpha group (t(29) = -1.39, p
= .161).
Lastly, we tested for correlations between the behavioral measures of awareness of the
square in the first questionnaire and the differences between mean amplitudes of both the Nd1
and the Nd2 in the square and random configurations. In contrast with Pitts et al.’s (2011)
results, we found no significant correlations between either measure with the Nd1 or the Nd2,
except for a small correlation between responses to the frequency ratings and Nd1 mean
amplitude. The correlations are shown in Table 4-3.
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Figure 4-6
Grand averaged waveforms and scalp maps for square and random configurations, separated
by session and awareness group, for the P3 (350-550ms)
Random

Square
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Table 4-3
Correlations between behavioral measures of awareness in the first questionnaire and
awareness group, in ms
Nd1

Nd2

r

p

r

p

Confidence ratings

-.161

.378

-.331

.065

Frequency ratings

-.446

.011

-.278

.124

Discussion
In this study, we replicated the results of Pitts et al. (2011) only partially. Crucially,
we found no evidence for implicit texture segregation when subjects were unaware of the
segregating stimuli, despite clear evidence for segregation when those the background
patterns were task-relevant. Similar results on texture segregation have been reported
elsewhere, using behavioral measures. Rashal et al. (2017), using the inattention paradigm
(Russell & Driver, 2005), observed no implicit grouping of stimuli similar to those employed
here and in Pitts et al. (2011). In a comparison experiment, they removed the background
elements that did not belong to the square shape, effectively removing the need for texture
segregation to form the shape. The results for that comparison experiment showed that
participants did accomplish implicit shape formation. They suggest that attentional demands
are a function of not only individual types of grouping, but of the specific operations that
compose each type of grouping.
Regarding the results for the Nd2, we observed only an effect of session, but no effect
of group. This effect of session might be due to participants becoming aware of the stimuli
between the first and second sessions; however, given the lack of differences between groups,
it might be simply be the result of repetition or habituation effects in the EEG responses. One
possible explanation for this inconsistency in results is the fact that assessment of awareness
was not performed on every trial, but only between blocks. For this reason, the two groups
may have been mixed in the awareness of the background stimuli, which would lead to
smaller differences in the Nd2 between them. Indeed, some participants in the aware group
reported becoming aware of the unexpected stimuli only in the middle or near the end of the
block, so that, for the most part, their Nd2 responses would be similar to those of the unaware

40

group. We also did not observe any significant correlations between responses on the
confidence and frequency ratings to the square and Nd2 mean amplitude.
Concerning the P3 analyses, we replicated the results from Pitts et al. (2014), who
used the same data from Pitts et al. (2011) to show that awareness can be dissociated from
task relevance at the EEG level. When participants focused their attention on the background
stimuli, in session 3, a larger amplitude was observed for square trials compared to random
trials; no such difference was detected in sessions 1 or 2. This was expected, since in session
3 the shapes were targets instead of the discs. This result also shows that the background
stimuli, when task-relevant, elicit a normal P3 response.
Our analysis of alpha activity showed mixed results. Comparisons between alpha
activity in the two awareness groups defined by questionnaire responses showed no
significant results. However, comparisons between groups defined by alpha power showed
differences in Nd2 mean amplitude. This result is consistent with the literature showing that
low alpha activity indicates high attention and vigilance in participants.
With regard to the differences between the current experiment and the original study
by Pitts et al. (2011), it is possible that less attention was available to the background in our
study because task difficulty was kept constant throughout the entire session. The original
study conducted by Pitts et al. (2011) employed a fixed decrement to the discs during the
whole session. In this design, learning may occur over the course of a block, and consequently
participants’ responses become may more automatized. In this case, more attentional
resources would become available (“spill over”) to the background configurations. Supporting
this explanation are the results of session 3 in our experiment, in which a large difference was
observed between the configurations for both groups. The presence of a large effect of
configuration in session 3, when participants focused their attention on the shapes, indicates
that our manipulation was effective in eliciting distinct ERPs. Thus, the absence of implicit
texture segregation in our study might be due to less attention being available to process
background resources, which would imply that texture segregation cannot occur without
attention.
A related explanation for the conflicting results is the difference in perceptual load
between our study and Pitts et al. (2011). According to perceptual load theory, when the
perceptual load of a task is high, less attention is available to be directed at the concomitant
unrelated stimuli (Lavie et al., 1995; Lavie & Tsal, 1994; Macdonald & Lavie, 2008).
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Converging evidence for this has been provided by studies showing reduced P1 and N1 waves
evoked by distractors when the perceptual load of targets is higher (e.g., Couperus, 2009). In
our experiment, we employed an adaptive procedure with a 50% target accuracy threshold.
This made the task quite hard, as reported by our participants during debriefing. Our use of an
adaptive procedure with such a threshold may have increased the perceptual load compared to
the original study, resulting in little attention available for the background configurations. As
in the discussion on learning effects and our use of an adaptive procedure to keep difficulty
constant across the experiment, this would also imply that texture segregation actually
requires attention. The fact that focused attention also acts to suppress irrelevant stimuli
(Desimone & Duncan, 1995; Luck & Kappenman, 2012; Pitts et al., 2018) provides some
plausibility to this explanation. This issue may be worth investigating in future studies.
A recent study seems to argue against the hypothesis that perceptual load was
responsible for the absence of implicit texture segregation (Pugnaghi et al., 2020). In that
study, a target number was presented on an imaginary circle surrounding a matrix of letters,
and participants had to categorize that number as larger or smaller than 5. Perceptual load was
varied by presenting seven other stimuli on the imaginary circles: in the low load condition,
those seven stimuli were hashes (“#”), whereas in the high-load condition they were letters.
The unexpected stimulus were numbers presented among the letters, which were in the same
category (“congruent”) or in the opposite category as the target number. Implicit processing
was assessed through the interference of the unexpected stimulus on the response to the
target. In two experiments, no effects of perceptual load were observed, suggesting that
perceptual load does not interfere with implicit processing. However, differences among that
study and the present experiment complicate the comparison of the respective conclusions.
Pugnaghi et al. (2020) examined the influence of perceptual load on interference at the
response level, whereas we investigated processing at an early, perceptual level. In particular,
response interference tasks engage distinct underlying processes, namely, inhibitory
mechanisms (Forster et al., 2014). Furthermore, whereas the stimuli used in that study were
similar to the targets, in our study they were clearly distinct. Similarity to the target is a factor
that is known to influence the spread of attention to unexpected stimuli (Most et al., 2005), so
this makes comparison between these studies difficult.
References
Allport, A. (2011). Attention and integration. In C. Mole, D. Smithies, & W. Wu (Eds.),

42

Attention: Philosophical and Psychological Essays (pp. 24–59). Oxford University
Press.
Breitmeyer, B. G. (2015). Psychophysical “blinding” methods reveal a functional hierarchy of
unconscious visual processing. Consciousness and Cognition, 35, 234–250.
https://doi.org/10.1016/j.concog.2015.01.012
Breitmeyer, B. G., & Ogmen, H. (2006). Visual Masking: Time slices through conscious and
unconscious vision. Oxford University Press.
Cohen, M. A., Cavanagh, P., Chun, M. M., & Nakayama, K. (2012). The attentional
requirements of consciousness. Trends in Cognitive Sciences, 16(8), 411–417.
https://doi.org/10.1016/j.tics.2012.06.013
Couperus, J. W. (2009). Implicit learning modulates selective attention at sensory levels of
perceptual processing. Attention, Perception, & Psychophysics, 71(2), 342–351.
https://doi.org/10.3758/APP.71.2.342
De Houwer, J., Teige-Mocigemba, S., Spruyt, A., & Moors, A. (2009). Implicit measures: A
normative analysis and review. Psychological Bulletin, 135(3), 347–368.
https://doi.org/10.1037/a0014211
Dehaene, S., Changeux, J.-P., Naccache, L., Sackur, J., & Sergent, C. (2006). Conscious,
preconscious, and subliminal processing: a testable taxonomy. Trends in Cognitive
Sciences, 10(5), 204–211. https://doi.org/10.1016/j.tics.2006.03.007
Dehaene, S., Charles, L., King, J.-R., & Marti, S. (2014). Toward a computational theory of
conscious processing. Current Opinion in Neurobiology, 25, 76–84.
https://doi.org/10.1016/j.conb.2013.12.005
Desimone, R., & Duncan, J. (1995). Neural Mechanisms of Selective Visual Attention.
Annual Review of Neuroscience, 18(1), 193–222.
https://doi.org/10.1146/annurev.ne.18.030195.001205
Ergenoglu, T., Demiralp, T., Bayraktaroglu, Z., Ergen, M., Beydagi, H., & Uresin, Y. (2004).
Alpha rhythm of the EEG modulates visual detection performance in humans. Cognitive
Brain Research, 20(3), 376–383. https://doi.org/10.1016/j.cogbrainres.2004.03.009
Faivre, N., & Koch, C. (2014). Inferring the direction of implied motion depends on visual
awareness. Journal of Vision, 14(4), 4–4. https://doi.org/10.1167/14.4.4

43

Forster, S., Robertson, D. J., Jennings, A., Asherson, P., & Lavie, N. (2014). Plugging the
attention deficit: Perceptual load counters Increased distraction in ADHD.
Neuropsychology, 28(1), 91–97. https://doi.org/10.1037/neu0000020
Greenwald, A. G., Banaji, M. R., & Nosek, B. A. (2015). Statistically small effects of the
Implicit Association Test can have societally large effects. Journal of Personality and
Social Psychology, 108(4), 553–561. https://doi.org/10.1037/pspa0000016
Kanizsa, G. (1979). Organization in vision: Essays on gestalt perception. Praeger.
Keizer, A. W., Hommel, B., & Lamme, V. A. F. (2015). Consciousness is not necessary for
visual feature binding. Psychonomic Bulletin & Review, 22(2), 453–460.
https://doi.org/10.3758/s13423-014-0706-2
Kimchi, R. (2009). Perceptual organization and visual attention. In N. Srinivasan (Ed.),
Progress in Brain Research (Vol. 176, pp. 15–33). Elsevier.
Kimchi, R., & Razpurker-Apfeld, I. (2004). Perceptual grouping and attention: Not all
groupings are equal. Psychonomic Bulletin & Review, 11(4), 687–696.
https://doi.org/10.3758/BF03196621
Koch, C., & Tsuchiya, N. (2007). Attention and consciousness: two distinct brain processes.
Trends in Cognitive Sciences, 11(1), 16–22. https://doi.org/10.1016/j.tics.2006.10.012
Koivisto, M., & Revonsuo, A. (2010). Event-related brain potential correlates of visual
awareness. Neuroscience and Biobehavioral Reviews, 34(6), 922–934.
https://doi.org/10.1016/j.neubiorev.2009.12.002
Lamme, V. (2015). The Crack of Dawn: Perceptual Functions and Neural Mechanisms that
Mark the Transition from Unconscious Processing to Conscious Vision. In T. K.
Metzinger & J. M. Windt (Eds.), Open MIND. MIND Group.
https://doi.org/10.15502/9783958570092
Lavie, N., & Tsal, Y. (1994). Perceptual load as a major determinant of the locus of selection
in visual attention. Perception & Psychophysics, 56(2), 183–197.
https://doi.org/10.3758/BF03213897
Lavie, N., Unit, C. P., & Wright, V. (1995). Perceptual Load as a Necessary Condition for
Selective Attention. Journal of Experimental Psychology: Human Perception and
Performance, 21(3), 451–468.

44

Lo, S.-Y., & Yeh, S.-L. (2008). Dissociation of processing time and awareness by the
inattentional blindness paradigm. Consciousness and Cognition, 17(4), 1169–1180.
https://doi.org/10.1016/j.concog.2008.03.020
Luck, S. J., & Kappenman, E. S. (2012). ERP components and selective attention. In S. J.
Luck & E. S. Kappenman (Eds.), The Oxford Handbook of Event-Related Potential
Components (pp. 295–327). Oxford University Press.
Macdonald, J. S. P., & Lavie, N. (2008). Load induced blindness. Journal of Experimental
Psychology: Human Perception and Performance, 34(5), 1078–1091.
https://doi.org/10.1037/0096-1523.34.5.1078
Mack, A., & Rock, I. (2000). Inattentional blindness: Vol. xiv. The MIT Press.
Mathewson, K. E., Gratton, G., Fabiani, M., Beck, D. M., & Ro, T. (2009). To See or Not to
See: Prestimulus Phase Predicts Visual Awareness. The Journal of Neuroscience, 29(9),
2725–2732. https://doi.org/10.1523/JNEUROSCI.3963-08.2009
Merikle, P. M. (1984). Toward a definition of awareness. Bulletin of the Psychonomic
Society, 22(5), 449–450. https://doi.org/10.3758/BF03333874
Moore, C. M., & Egeth, H. (1997). Perception without attention: Evidence of grouping under
conditions of inattention. Journal of Experimental Psychology: Human Perception and
Performance, 23(2), 339–352. https://doi.org/10.1037/0096-1523.23.2.339
Moore, C. M., Grosjean, M., & Lleras, A. (2003). Using inattentional blindness as an
operational definition of unattended: The case of surface completion. Visual Cognition,
10(3), 299–318. https://doi.org/10.1080/13506280143000041
Moore, C. M., Lleras, A., Grosjean, M., & Marrara, M. T. (2004). Using inattentional
blindness as an operational definition of unattended: The case of a response-end effect.
Visual Cognition, 11(6), 705–719. https://doi.org/10.1080/13506280344000482
Moors, P., Wagemans, J., Van Ee, R., & De-Wit, L. (2016). No evidence for surface
organization in Kanizsa configurations during continuous flash suppression. Attention,
Perception, & Psychophysics, 78(3), 902–914. https://doi.org/10.3758/s13414-015-1043x
Most, S. B. (2010). What’s “inattentional” about inattentional blindness? Consciousness and
Cognition, 19(4), 1102–1104. https://doi.org/10.1016/j.concog.2010.01.011

45

Most, S. B., Scholl, B. J., Clifford, E. R., & Simons, D. J. (2005). What you see is what you
set: sustained inattentional blindness and the capture of awareness. Psychological
Review, 112(1), 217–242. https://doi.org/10.1037/0033-295X.112.1.217
Mudrik, L., Breska, A., Lamy, D., & Deouell, L. Y. (2011). Integration without awareness:
Expanding the limits of unconscious processing. Psychological Science, 22(6), 764–770.
https://doi.org/10.1177/0956797611408736
Mudrik, L., Faivre, N., & Koch, C. (2014). Information integration without awareness. Trends
in Cognitive Sciences, 18(9), 488–496. https://doi.org/10.1016/j.tics.2014.04.009
Noon, M. (2018). Pointless Diversity Training: Unconscious Bias, New Racism and Agency.
Work, Employment and Society, 32(1), 198–209.
https://doi.org/10.1177/0950017017719841
Pashler, H. E. (1998). The psychology of attention. The MIT Press.
Paul, L., & Schyns, P. G. (2003). Attention enhances feature integration. Vision Research,
43(17), 1793–1798. https://doi.org/10.1016/S0042-6989(03)00270-0
Peirce, J. W. (2007). PsychoPy - Psychophysics software in Python. Journal of Neuroscience
Methods, 162(1–2), 8–13. https://doi.org/10.1016/j.jneumeth.2006.11.017
Peirce, J. W. (2009). Generating stimuli for neuroscience using PsychoPy. Frontiers in
Neuroinformatics, 2(10), 1–8. https://doi.org/10.3389/neuro.11.010.2008
Pitts, M. A., Lutsyshyna, L. A., & Hillyard, S. A. (2018). The relationship between attention
and consciousness: an expanded taxonomy and implications for ‘no-report’ paradigms.
Philosophical Transactions of the Royal Society B: Biological Sciences, 373, 20170348.
https://doi.org/10.1098/rstb.2017.0348
Pitts, M. A., Martínez, A., & Hillyard, S. A. (2011). Visual processing of contour patterns
under conditions of inattentional blindness. Journal of Cognitive Neuroscience, 24(2),
287–303. https://doi.org/10.1162/jocn_a_00111
Pitts, M. A., Padwal, J., Fennelly, D., Martínez, A., & Hillyard, S. A. (2014). Gamma band
activity and the P3 reflect post-perceptual processes, not visual awareness. NeuroImage,
101, 337–350. https://doi.org/10.1016/j.neuroimage.2014.07.024
Platonov, A., & Goossens, J. (2014). Eye dominance alternations in binocular rivalry do not
require visual awareness. Journal of Vision, 14(11), 2–2. https://doi.org/10.1167/14.11.2

46

Pugnaghi, G., Memmert, D., & Kreitz, C. (2020). Loads of unconscious processing: The role
of perceptual load in processing unattended stimuli during inattentional blindness.
Attention, Perception, & Psychophysics, 1–11. https://doi.org/10.3758/s13414-02001982-8
R Development Core Team. (2017). R: A language and environment for statistical computing
(3.4.2). https://www.r-project.org/index.html
Rashal, E., Yeshurun, Y., & Kimchi, R. (2017). Attentional requirements in perceptual
grouping depend on the processes involved in the organization. Attention, Perception, &
Psychophysics, 79(7), 2073–2087. https://doi.org/10.3758/s13414-017-1365-y
Russell, C., & Driver, J. (2005). New indirect measures of “inattentive” visual grouping in a
change-detection task. Perception & Psychophysics, 67(4), 606–623.
https://doi.org/10.3758/BF03193518
Scholte, H. S., Witteveen, S. C., Spekreijse, H., & Lamme, V. A. F. (2006). The influence of
inattention on the neural correlates of scene segmentation. Brain Research, 1076(1),
106–115. https://doi.org/10.1016/j.brainres.2005.10.051
Seth, A. K., Dienes, Z., Cleeremans, A., Overgaard, M., & Pessoa, L. (2008). Measuring
consciousness: relating behavioural and neurophysiological approaches. Trends in
Cognitive Sciences, 12(8), 314–321. https://doi.org/10.1016/j.tics.2008.04.008
Shafto, J. P., & Pitts, M. A. (2015). Neural signatures of conscious face perception in an
inattentional blindness paradigm. The Journal of Neuroscience, 35(31), 10940–10948.
https://doi.org/10.1523/jneurosci.0145-15.2015
Shanks, D. R. (2017). Regressive research: The pitfalls of post hoc data selection in the study
of unconscious mental processes. Psychonomic Bulletin & Review, 24(3), 752–775.
https://doi.org/10.3758/s13423-016-1170-y
Simons, D. J., & Chabris, C. F. (1999). Gorillas in our midst: sustained inattentional blindness
for dynamic events. Perception, 28(9), 1059–1074. https://doi.org/10.1068/p2952
Treisman, A. M., & Gelade, G. (1980). A feature-integration theory of attention. Cognitive
Psychology, 12(1), 97–136. https://doi.org/10.1016/0010-0285(80)90005-5
Tsuchiya, N., & Koch, C. (2005). Continuous flash suppression reduces negative afterimages.
Nature Neuroscience, 8(8), 1096–1101. https://doi.org/10.1038/nn1500

47

Vadillo, M. A., Konstantinidis, E., & Shanks, D. R. (2016). Underpowered samples, false
negatives, and unconscious learning. Psychonomic Bulletin & Review, 23(1), 87–102.
https://doi.org/10.3758/s13423-015-0892-6
Van Boxtel, J. J. A., Tsuchiya, N., & Koch, C. (2010). Consciousness and attention: On
sufficiency and necessity. Frontiers in Psychology, 1(DEC), 1–13.
https://doi.org/10.3389/fpsyg.2010.00217
Watson, A. B., & Pelli, D. G. (1983). Quest: A Bayesian adaptive psychometric method.
Perception & Psychophysics, 33(2), 113–120. https://doi.org/10.3758/BF03202828
Weiskrantz, L. (1990). Blindsight: a case study and implications. Clarendon.
Whitney, D., & Levi, D. M. (2011). Visual crowding: A fundamental limit on conscious
perception and object recognition. Trends in Cognitive Sciences, 15(4), 160–168.
https://doi.org/10.1016/j.tics.2011.02.005
Yeshurun, Y., & Carrasco, M. (2000). The locus of attentional effects in texture segmentation.
Nature Neuroscience, 3(6), 622–627. https://doi.org/10.1038/75804

CHAPTER 5. EFFECTS OF TEMPORAL EXPECTATIONS ON THE PERCEPTION
OF MOTION GESTALTS

Manuscript under revision.
Nobre, A. P., Nikolaev, A. R., Gauer, G., van Leeuwen, C., & Wagemans, J. (2020). Effects
of temporal expectation on the perception of motion Gestalts.

48

49

Abstract
Gestalt psychology has traditionally ignored the role of attention in perception, leading to the
view that autonomous processes create perceptual configurations that are then attended. More
recent research, however, has shown that spatial attention influences a form of Gestalt
perception: the coherence of random-dot kinematograms (RDKs). Using event-related
potentials (ERPs), we investigated whether temporal expectations exert analogous attentional
effects on the perception of coherence level in RDKs. Participants saw fixed-length
sequences of RDKs and reported the coherence level of a target RDK indicated by a post-cue.
Target expectancy increased as the sequence progressed until target presentation; afterwards,
no expectancy towards the following stimuli remained. Expectancy influenced the amplitudes
of ERP components P1 and N1. Crucially, expectancy interacted with coherence level at the
N1 but not at the P1. Specifically, P1 amplitudes decreased linearly as a function of RDK
coherence irrespective of expectancy, whereas N1 exhibited a quadratic dependence on
coherence: larger amplitudes for the most ambiguous (i.e., most difficult to perceive) RDKs
with intermediary coherence levels, and only when they were expected. These results suggest
that expectancy at early processing stages is an unspecific, general readiness for perception.
At later stages, expectancy becomes task-relevant and selectively applies to ambiguous
stimulus configurations.
Keywords: event-related potentials; expectation; Gestalt; motion; visual attention

50

[Este capítulo está em processo de submissão para publicação como artigo e foi
omitido da versão parcial da tese]

CHAPTER 6. GENERAL DISCUSSION
In this thesis, we studied how visual attention influences perceptual organization. We
discussed the main theories of attention and their stances on perceptual organization, reviewed
studies investigating implicit processing of unexpected stimuli under inattention, and conducted
two EEG studies on the occurrence of perceptual organization processes under varying degrees
of attention. In this section, we summarize the main findings of the thesis and how they relate to
the broader fields of perceptual organization and attention.
Study 1 – Theories of Attention and Perceptual Organization
In Study 1, we briefly reviewed how Gestalt psychology and the main theories of
attention in cognitive psychology and cognitive neuroscience view the relationship between
attention and perceptual organization in vision. We saw that Gestalt Psychology, in theory,
attributed a role for attention in perceptual organization, despite most of the work written by
Gestalt psychologists not assigning much importance to attention (Boring, 1929; with
exceptions, e.g., Köhler & Adams, 1958). Afterwards, when cognitive psychology was born,
early cognitive theories assigned little to no role of attention in Gestalt organization. In constrast,
the current picture differs in several aspects, with recent theories challenging the view that
perceptual organization is purely preattentive. The empirical literature, drawing from
psychological (experimental) and neurophysiological data, shows that top-down attention
influences perceptual organization. Moreover, in contrast with earlier theories (e.g., Treisman &
Gelade, 1980), the influence of attention in organization is now thought to occur at very early
stages of perception. Conversely, Gestalt organization processes, which were previously
assumed to be restricted to early stages of the construction of visual percepts (Neisser, 1967;
Kahneman & Henik, 1981), are now viewed as occurring at multiple stages of perception and to
comprise distinct subprocesses.
Currently, many theories of attention do not distinguish between different Gestalt
processes, whereas the mainstream theories on perception that deal with perceptual organization
explain only a subset of attentional phenomena. The heterogeneous nature of perceptual
organization poses several questions to theories that relate attention and perceptual organization.
Those questions include how attention modulates distinct types of perceptual organization
processes, such as grouping by distinct factors; how attention resolves competition between
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distinct subprocesses; and whether the influence of attention varies across perceptual
organization phenomena.
In sum, the relationship between attention remains to be explored. The remaining studies
on the thesis aimed to contribute to the field using review and empirical methods.
Study 2 – Implicit Processing during Inattentional Blindness
Study 2 reviewed experiments on implicit processing during inattentional blindness in an
effort to summarize the conclusions in the field. We concluded that there is considerable
evidence that unexpected visual stimuli are processed even when observers are so focused on an
attentionally demanding task that they do not notice such stimuli. This includes perceptual
grouping of background stimuli, which seems to occur during inattentional blindness. These
results tend to agree, at least in part, with the classical view that perceptual organization may
occur without attention (Duncan, 1984; Kahneman & Henik, 1981; Treisman & Gelade, 1980).
However, some studies also found differences in measures of perceptual organization between
participants that noticed and those who did not notice background stimuli, suggesting that
attention might not be necessary for perceptual organization, but may modulate it at later stages.
This review also highlighted difficulties with assessing awareness of unexpected stimuli.
Measures of awareness vary widely across studies, and within the same study one criterion is
chosen from many available to classify participants as aware or unaware (e.g., Razpurker-Apfeld
& Pratt, 2008), sometimes without a clear justification. In other cases, it is not clear at all which
measure was employed to consider participants as aware (e.g., Rashal et al., 2017). We showed
that different criteria lead to distinct rates of awareness across studies, corroborating findings
from earlier studies (e.g., Wood & Simons, 2019). Therefore, choosing how to separate
participants according to their awareness of the unexpected stimulus (and whether to do that at
all, considering the issue of regression to the mean pointed by Shanks, 2017) is a crucial issue to
be considered when designing studies on implicit processing during inattentional blindness.
This point calls attention to a broader discussion about the rich vs. sparse nature of
conscious perception (Cohen et al., 2016). The choice of awareness measures need to take into
account the nature of the unexpected stimulus used in an inattentional blindness study and the
possibility that only certain features of that stimulus might be perceived. One of the main
arguments for this comes from studies indicating that summary (or ensemble) statistics can often
be accessed even when participants are strongly focused on another task (Cohen et al., 2016;
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Usher et al., 2018; Ward et al., 2016). Hence, in several inattentional blindness studies, it is
possible that participants did perceive the background stimuli, but this may not be detectable if
the measures of awareness employed demand access to details of the stimuli.
Despite this caveat, some studies suggest that ensemble perception might be less of an
issue for conclusions obtained with inattentional blindness designs (Huang, 2015; JacksonNielsen et al., 2017; Mack & Clarke, 2012). Those studies employed measures that were
specifically selected to detect perception of summary statistics. They found that ensembles or
gist are often not consciously perceived when attention to those ensembles is minimized. In
particular, one of those studies (Jackson-Nielsen et al., 2017) argues that previous experiments
showing conscious perception of ensembles do not limit attention the background stimuli as
much as intended. The reason is that those previous experiments used dual-task designs, which
had already been criticized decades earlier for not sufficiently limiting attention (Rock et al.,
1992), thus leading to partial attention instead of inattention. Jackson-Nielsen et al. (2017) argue
that, because coding of ensemble statistics is efficient and requires only minimal attention
(Alvarez & Oliva, 2009), the amount of attention available in dual-task designs may be enough
to allow for ensembles to be consciously perceived. In contrast, inattentional blindness
minimizes attention to the background (although it is questionable if it leads to strict inattention;
Most, 2010; Rashal et al., 2017). We conclude that the inattentional blindness studies in our
review succeeded in minimizing attention to the unexpected stimuli, reducing the likelihood that
summary statistics of those stimuli were consciously perceived. However, the point remains that
measures of awareness in inattentional blindness studies need to be carefully chosen, considering
the possibility of ensemble perception or other types of less detailed perception.
Study 3 – Implicit Texture Segregation during Inattentional Blindness
In Study 3, we attempted to reproduce earlier results (Pitts et al., 2011) on implicit texture
segregation during inattentional blindness using ERPs. However, we succeeded only partially in
reproducing the previous results. This discrepancy between our results and those by Pitts et al.
(2011) might be due to changes that we made to the design, such as the introduction of an
adaptive procedure for the main task, which might have led to a variation in participants’ arousal
across the blocks.
Alternatively, our results might be explained by the high perceptual load that our main
task entailed: to ensure a high rate of inattentionally blind participants, we set a criterion of 50%
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performance in our staircase procedure. Such a difficult task might have kept the participants so
focused on the main task that minimal attention was left for the background stimuli, eliminating
implicit texture segregation. This would mean that texture segregation cannot actually occur in
the absence of attention and varies with perceptual load. Although the hypothesis that high
perceptual load may have eliminated implicit texture segregation conflicts with a recent study
(Pugnaghi et al., 2020), several differences between the type of unexpected stimuli and the
implicit measure employed limit the comparison between the results.
This study also shed light on some limitations of inattentional blindness as a tool to
investigate of effects of attention on perceptual organization. Because assessment of awareness
can only be conducted once before the subject becomes aware of the unexpected stimuli (as a
rule; for exceptions, see e.g. Jackson-Nielsen et al., 2017 and Ward & Scholl, 2015, but these are
not suitable for general utilization), this assessment has to be conducted either for only one trial
or once for whole blocks of trials. In the first case, too few trials are available for analysis
(usually only one per participant), increasing the sample size necessary for reliable results in
those studies. In the second case, there may be a mixing between trials in which participants
notice the unexpected stimulus and trials in which they do not, limiting the type of analysis and
conclusions that can be obtained from such datasets, and also allowing for confounds between
inattentional blindness and memory issues (Moore, 2001; Wolfe, 1999).
A further complication with inattentional blindness as a tool to study the influence of
attention on perception is the limited degree of control over attention which this paradigm
allows. Many variables are known which influence rates of inattentional blindness, such as
distance from the stimuli of the main task (Mack & Rock, 2000), attentional set (Most et al.,
2005), perceptual load (Calvillo & Jackson, 2014; Cartwright-Finch & Lavie, 2007), cognitive
(executive) load (Lavie, 2010), number of distractors (Most et al., 2005), and similarity of the
unexpected stimulus to the targets (Most et al., 2005; Richards et al., 2012; Simons & Chabris,
1999). However, the main factor involved in the manipulation of attention in inattentional
blindness is expectation, which is manipulated by not mentioning the critical stimulus during
instruction at the start of the experiment (Braun, 2001; Mack & Rock, 2000; Ward & Scholl,
2015; White & Davies, 2008), increasing the likelihood that the unexpected stimulus is in fact
unattended. Because it is hard to control what participants expect in an experiment, and how well
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they can focus on a task, the proportion of participants who do not notice the unexpected
stimulus cannot be determined in advance.
The standard explanation for this variation is that participants who notice the stimulus
may not be fully attending to the main task. However, an alternative interpretation is that
attention is often necessary for conscious perception, but this is not always the case (Watzl,
2017). Because it is difficult to determine if attention has “spilled” or not to the unexpected
stimuli, it is also hard to determine if a group of participants who notice unexpected stimuli are
attending or not to a stimulus. Thus, unawareness of a stimulus is assumed to be due to
inattention, but participants are assumed not to be attending to a stimulus when they are unaware.
The paradigm may not be ideal to study whether attention is necessary for processing of a
particular stimulus.
This does not mean that the paradigm is not useful for certain purposes. Besides being a
phenomenon with real-world implications (Chabris et al., 2011; Murphy & Greene, 2017;
Simons, 2000), when satisfactory measures of awareness are employed, it may reasonably be
concluded that participants who do not notice unexpected stimuli are directing very little
attention to it (e.g., Jackson-Nielsen et al., 2017). Nonetheless, due to the small degree of control
over attention that this paradigm allows, in the next study we decided to employ a task wherein
attention could be manipulated in a more controlled manner, manipulating expectations using
hazard rates instead of instructions.
Study 4 – Attentional Modulation of Common-Fate Grouping
In Study 4, we explored how temporal expectations (i.e., expectation related to the
moment of occurrence of a target) influences perception of motion Gestalts using Random-Dot
Kinematograms (RDKs). One of the strengths of this study was the parametric manipulation of
the level of motion coherence of the RDKs. This manipulation showed that coherence processing
occurred already at 100 ms post-stimulus, as indexed by the amplitude of the P1. This effect
followed a linear trend, with P1 amplitude decreasing with coherence. This earlier effect has not
been observed in most earlier ERP studies on RDKs, which showed P1 peaks for only some
participants (Kavcic et al., 2013; Martin et al., 2010; Zalar et al., 2015).
Temporal expectation had an effect on the processing of the RDKs at that stage, but that
effect did not depend on coherence level. We interpreted this as a general readiness for
perception which is independent of the stimulus. Contrastingly, in the time window of the N1
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wave (starting at 160 ms post-stimulus), we found that attentional modulation varied with the
coherence level of the RDKs. This attentional stage of processing seems to be involved in visual
discrimination of a stimulus, and thus interacts with its configuration. Although the results for
the P1 seem to favor classical views that regard grouping as preattentive (Kahneman & Henik,
1981; Treisman & Gelade, 1980), the later results conflict with such theories. Instead, these
results support a view that grouping is a multi-stage, heterogeneous process (Kimchi, 2009;
Wagemans et al., 2012), in line with other recent studies (Han et al., 2005; Nikolaev et al., 2008;
Villalba-García et al., 2018).
Our finding that temporal expectations influence Gestalt perception adds to other findings
of influences of expectation on perception (Nobre & Rohenkohl, 2014; & Van Ede, 2018; Nobre,
2012; Summerfield & de Lange, 2014). Previous ERP studies indicated that temporal attention
modulates activity in sensory areas of the cortex under certain conditions (Doherty et al., 2005;
Nobre & Rohenkohl, 2014; Rolke et al., 2016). Specifically, ERP studies indicating that
expectations by constant foreperiods modulate the amplitude of the posterior visual N1 (Correa
et al., 2006; Nobre et al., 2007; Seibold & Rolke, 2014) and N2pc (Seibold & Rolke, 2014), and,
less frequently, of the visual P1 (Doherty et al., 2005; Rohenkohl & Nobre, 2011; Zanto et al.,
2011). Because the N1 has been proposed to index visual discrimination processes (Luck, 2014),
these results suggest that one possible effect of temporal expectations is to enhance the
discrimination of visual features.
Importantly, attentional modulation was larger for stimuli with intermediary coherence
levels, which were also the most ambiguous ones. A related finding comes from a study
investigating attention to features (Snyder & Foxe, 2010). They manipulated feature-based
attention with probabilistic cues in an analogous manner to the Posner spatial cueing paradigm
(Posner et al., 1980). Strength of common-fate grouping was manipulated by changing whether
all dots in an RDK moved in the same or different speeds. When grouping was strong, they
found weaker facilitatory effects by valid cues compared to when grouping was weak. Assuming
that attentional direction to features by endogenous cues involves suppression of the irrelevant
feature they concluded that this difference indicated that strong grouping counteracted such
suppression by leading to automatic spread of attention along the (object) stimulus.
A follow-up study (Snyder et al., 2012) showed that, when attention was directed to
relevant features, presentation of weak Gestalt groupings showed ERPs related to attention (as a
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consequence of cueing) peaking at 180 ms, but not to strong groupings. They concluded that
feature-based attention is attenuated by common-fate grouping. Considering the time window
analyzed, such attenuation should occur at some point before 180 ms, indicating a competition
between top-down feature-based attention and bottom-up grouping. Additionally, they suggest
that feature-based attention precedes grouping, which leads to an object-based spread of
attention.
Such an account might explain our results. It is possible that a first stage of common-fate
grouping consists of the activation of directional selective neurons, which is followed by an
inhibition mechanism that suppresses incompatible directions. Indeed, our participants reported
that estimating the coherence of RDKs with intermediary coherence levels felt more difficult,
which might reflect the need for this attentional suppression process. This is coherent with the
account of common-fate grouping by Levinthal and Franconeri (2011), in which common fate
grouping is analogous to similarity grouping, which itself occurs later in time than grouping by
proximity, and is attentionally demanding.
The study by Snyder et al. (2012) added support to the proposal (e.g., Roelfsema, 2006)
that grouping and feature-based attention share physiological mechanisms. The authors suggest
that those common mechanisms might be alpha-band oscillations, which are associated with
sensory suppression (Foxe & Snyder, 2011; Van Diepen et al., 2019). The role of alpha activity
has been observed before in the context of object coherence, when higher alpha power was
observed for non-objects than for objects, but only when a discrimination was necessary (Vanni
et al., 1997). Snyder et al. (2012) hypothesized that grouping leads to a spread of feature-based
attention over an object’s constituent features. Those results can also be interpreted according to
the biased competition hypothesis, given analogous results from earlier studies (McMains &
Kastner, 2011) showing larger effects of spatial attention for weak groups than for strong groups.
We hypothesize that alpha activity might be similarly involved in the modulation of
grouping by temporal expectancies. It has been observed for several years that alpha oscillations
can be entrained to external stimuli and have a role in temporal expectancies (Mathewson et al.,
2009, 2012; Van Diepen et al., 2019). Such entrainment results in the synchronization of
attentional pulses to the stimuli (Large & Jones, 1999), similarly to what has been suggested to
underlie the attentional awakening phenomenon (Ambinder & Lleras, 2009). Such
synchronization may support perceptual effects of temporal attention (Mathewson et al., 2012;
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Schroeder & Lakatos, 2009) through the modulation of processing of irrelevant elements in a
grouping pattern by alpha oscillations. In this study, we only used ERPs as a measure of
attentional allocation. Given that brain oscillations have been pointed as mechanisms that
support perceptual organization (van Leeuwen, 2015), it is important to investigate how the
dynamics of oscillations in temporal expectations influences Gestalt phenomena.
Concluding Remarks
The relationship between the concepts of attention and Gestalt organization is a complex
one. Attention and perceptual organization do not have common scientific roots. Attention was
once deemed of fundamental importance in introspectionist psychology (Kahneman, 1973), to
the point where Titchener (1908) claimed that the “doctrine of attention” was one of the
foundations of psychology. However, that tradition of psychology was also associationist
(Hamlyn, 1957). When Gestalt psychology was developed, rejecting associationism (Wagemans
et al., 2012), perceptual organization entered the spotlight, but it also moved attention aside
(Boring, 1929; Kahneman, 1973). Even if the phenomenological philosophy which inspired
Gestalt psychology did discuss the nature of attention (Vermersch, 2004) – in part influenced by
William James (Yoshimi & Vinson, 2015) – the Gestalt psychologists themselves did not
systematically investigate attention in their experimental and theoretical work (Boring, 1929).
It might be the case that Gestalt theory simply has no need for a concept of attention (van
Leeuwen et al., 2011). But the diminished importance of attention in Gestalt psychology might
have rather been motivated by the manner in which the concept of attention was used at the time
when Gestalt psychology was born. Back then (as sometimes also today; Anderson, 2011;
Hommel et al., 2019), attention was often used as an ad hoc explanation for unexpected
phenomena or experimental results (Bradley, 1886; Koffka, 1935). However, Cognitive
Psychology restored the concept of attention to incorporate mechanisms internal to the organism
in the explanation of psychological phenomena (Kahneman, 1973), and motivated research that
described a large number of important phenomena which need to be integrated with a proper
explanation of perceptual organization phenomena.
Despite the conceptual confusion surrounding the concept of attention (Allport, 1993,
2011; Anderson, 2011; Di Lollo, 2018; Hommel et al., 2019), considerable progress has been
made empirically in the study of attentional phenomena (Nobre & Kastner, 2014). We adopt the
view that the concept of attention refers to a real first-person phenomenon (Watzl, 2017) that
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cannot be ignored; in a way, “Everyone knows what attention is” (James, 1918). However, as a
scientific object of study, attention needs much investigation, both theoretically and empirically.
We believe that relating attention to the phenomena uncovered by Gestalt Psychology may
contribute to advancing the understanding of this construct.
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APPENDIX A
AWARENESS QUESTIONNAIRE FOR STUDY 3
Post-phase questionnaire

Phase:_____

Subject:______
Date:____________

1) During this session, did you notice any patterns within the little white lines in the
background?

Yes

No

2) If you did notice any patterns, at which moment during this session did that first happen?

During blocks 1 to 3
During blocks 4 to 7
During blocks 8 to 10

3) If you did see any patterns, please describe (or draw) what you saw in as much detail as
possible.
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* For the items below, the experimenter will provide examples on the computer screen.

4) Rate how confident you are that you saw each pattern during the experiment.

Please use the following scale:
1 – very confident I did not see it
2 – confident I did not see it
3 – uncertain
4 – confident I saw it
5 – very confident I saw it

Diamond
Horizontal rectangle
X pattern
One big square
Four small squares
Vertical rectangle

1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

4
4
4
4
4
4

5
5
5
5
5
5

2
2
2
2
2
2

3
3
3
3
3
3

4
4
4
4
4
4

5
5
5
5
5
5

5) Estimate how often you saw each pattern during the experiment.

Please use the following scale:
1 – never
2 – rarely/less than 10 times
3 – infrequently/10-50 times
4 – frequently/50-100 times
5 – very frequently/more than 100 times

Diamond
Horizontal rectangle
X pattern
One big square
Four small squares
Vertical rectangle

1
1
1
1
1
1

