Aims. The project aimed to determine the degree to which different object characteristics and
objects are processed subconsciously relative to when they are processed consciously and
whether the lateral occipital complex (LOC) is implicated in the processing of different object
features both within and outside of conscious awareness. Originally, the aims were specific to
the processing of basic features of objects, such as size, form, and orientation. We expanded
this to emotionally salient stimuli and words because, contrary to our expectations, the latter
were not processed subliminally.

Methods — Phase 1

Given that our aims were two-fold, the project was completed in two phases. The first phase
consisted of psychophysical studies involving continuous flash suppression (CFS). In CFS,
highly salient visual noise is presented to one eye while a different stimulus is presented to the
other. What happens is the visual noise enters consciousness while the other stimulus does not.
In addition to the use of this technique, which is what we had originally proposed to do, we
also incorporated more traditional visual masking techniques in which visual noise was
presented immediately before and after the brief presentation of a stimulus. We found the latter
technique to be better in both suppressing the stimulus of interest while having participants
process it subliminally without too much corruption of the stimulus. Using these two masking
paradigms, we examined how people processed the basic features of objects (such as their size,
form, and orientation), emotionally salient stimuli (such as spiders and snakes), and words both
while participants were consciously aware of them and not. Next, we will describe each of
these studies in detail.

Behavioural Study 1 (Laycock et al., 2017): We performed the following procedures in 24
participants to examine size processing with and without CFS. The testing session began with
a handedness questionnaire followed by tests that assessed visual acuity, eye dominance, and
ability to fuse stimuli binocularly. This was followed by a threshold experiment to determine
the luminance contrast required for an adapter to break CFS. The participant then completed
the main ‘size aftereffects’ experiment with the luminance contrast for the adapter stimuli
adjusted so that it was below the threshold value. The size aftereffects experiment used a
paradigm in which an adapter circle (either masked or not masked) was followed by a test
circle. The test circle ranged in size. Participants judged the size of the test circle that followed
the adapter in comparison to a subsequent reference. We used the method of constant stimuli
to obtain psychometric curves and calculated points of subjective equality (PSE) and bistability
widths from these curves. The former consisted of a measure of perceived size while the latter
consists of a measure of perceptual uncertainty (Wood et al., 2017). The testing session ended
with a second threshold experiment to verify that the luminance contrast used for adapter
stimuli under CFS in the size aftereffects experiment remained below threshold.

Behavioural Study 2 (Peel et al., 2018): We performed the following procedures in 38
participants to examine size, form, and orientation processing with and without visual masking.
The session began with tests of handedness and visual acuity. Participants then completed form,
orientation and size experiments in a counterbalanced order as determined by a Latin square.



Each experiment consisted of four separate tasks. Participants first completed the threshold
task, which established the maximum luminance contrast at which stimuli could be suppressed
reliably under visual masking. This was followed by the first recognition task, which was used
to verify the lack of perceptual visibility of the masked stimuli. Then, participants completed
the priming task, which tested whether there was any processing advantage (i.e., improved
reaction time) when responding to feature-congruent as opposed to feature-incongruent prime-
target combinations, during both visible and perceptually invisible conditions. Each experiment
ended with the second recognition task, which was implemented to verify that there were no
changes in the visibility of the masked stimuli.

Behavioural Study 3 (Cox et al., 2018): In 32 participants, we investigated if the subliminal
processing of threatening animals (snakes and spiders) and neutral objects (cars and houses)
could influence the discrimination of a subsequent visible stimulus. The prime and target pair
were either identical, of the same category but with different physical features, or different in
category and physical features. In two experiments, participants discriminated the basic level
category (e.g. snake vs. spider) of a visible target stimulus that had been preceded by a visible
or perceptually invisible prime stimulus. One experiment used visual masking to render prime
stimuli perceptually invisible and the other used CFS. Each testing session began with a
handedness questionnaire and a series of vision tests that assessed eye dominance, visual
acuity, and binocular function. Following these tests, each experiment involved two sections:
Part A, which contained threatening animal stimuli (snakes and spiders), and Part B, which
contained neutral object stimuli (houses and cars). The order with which participants completed
Parts A and B was counterbalanced using a Latin square. These two sections were comprised
of four identical components. First, a threshold measurement task determined the luminance
contrast level required for the stimuli to break suppression and enter conscious awareness. This
was done separately for the animal (snakes and spiders in Part A) and non-animal (houses and
cars in Part B) images. The luminance contrast level of stimuli in subsequent sections of the
experiment were then set below these values. Second, a recognition task was completed to
verify if stimuli at the adjusted contrast level were genuinely presented subconsciously to the
participant. Third, participants completed the priming task, which examined whether target
stimuli were processed more efficiently (i.e. decreased reaction time) when preceded by a
visible or perceptually invisible prime stimulus. Fourth, the recognition task was repeated to
verify if stimulus suppression remained successful throughout the experiment.

Behavioural Study 4 (Peel et al., 2019): In 35 participants, we applied CFS during an
interocular transfer paradigm to evaluate the importance of awareness and the contribution of
early versus late visual structures in size recognition. Specifically, we tested if size judgements
of a visible target could be influenced by a congruent or incongruent prime presented to the
same or different eye. Participants first completed tests of handedness, visual acuity, eye
dominance, and binocular fusion. Following this, each participant completed a threshold task
to establish the minimum luminance contrast necessary for the prime to break CFS. After this
threshold was established, participants completed the priming task with the stimuli adjusted to
a luminance contrast lower than this threshold value. Last, the threshold task was repeated at



the end of the session to verify that threshold values did not change in a way that would suggest
that the primes could have been visible during the CFS condition in the main priming task.

Behavioural Study 5 (Peel et al., submitted for publication): It is widely assumed that
subliminal word priming is case-insensitive (Dehaene et al., 2001) and that a short SOA (< 100
ms) is required to observe the effect (Greenwald et al., 1996). Here, we attempted to replicate
the experimental design employed by Dehaene et al. (2001) with the inclusion of a long SOA
task to re-examine these assumptions. 20 participants performed a semantic categorisation task
on visible word targets that were preceded either 64 or 192 ms by a masked prime. Participants
completed 4 tasks. A naming and recognition task verified subjective visibility of the primes
under the visual masking conditions. The other two tasks examined the word repetition priming
effect at both a short (64 ms) and long prime-target SOA (192 ms). The order of task completion
was counterbalanced, such that participants either completed the naming-recognition tasks
first, followed by the long-SOA priming task, and finished with the short-SOA priming task;
or, participants completed the short-SOA, followed by the long-SOA, and finished with the
naming-recognition tasks.

Behavioural Study 6 (Chouinard et al., under analysis): In this experiment, we re-examined
the processing of emotionally-salient stimuli in a visual masking paradigm in 70 participants.
In contrast to behavioural experiment 3, stimuli could be either identical or completely different
across categories. Thus, the task entailed scrutinising stimuli at a gross as opposed to a specific
level of semantics. Two experiments were completed and were carried out in the same manner,
differing only by the type of stimuli presented to the participants. During the spider experiment
(n = 35), visual stimuli were images of spiders and mushrooms. In the snake experiment (n =
35), visual stimuli were images of snakes and flowers. Participants took part in two different
visual tasks: a recognition and priming task that were presented in a counterbalanced order.
The priming task measured the participants’ reaction times to congruent and incongruent
stimuli. The prime was either visible or invisible as rendered by visual masking. Further testing
was performed in 40 participants for the purposes rating the stimuli according to their
emotional saliency and the degree to which they were seen during masking.

Methods — Phase 2

FMRI Study (Peel et al., in preparation for publication): The fMRI experiment examined
the pattern of neural adaptation within different subdivision of LOC during form, orientation,
and size judgements. Specifically, we examined four subdivisions of LOC: the posterior
fusiform (pFs), LO proper, LO1, and LO2. We hypothesised that the more posterior
subdivisions would be released from adaptation following changes to a stimulus’ form,
orientation, and size. The second is that the more anterior subdivisions would be released from
adaptation following changes to a stimulus’ form, but not orientation or size. Fourteen
participants performed the experiment. A two-alternative forced-choice identity discrimination
task was used, in which the participant judged whether two serially presented objects were the
same or different as quickly and as accurately as possible. To examine form, orientation, and
size adaptation, there were three separate versions of the task. In each task, the prime and the



target varied along the relevant stimulus dimension (e.g. form) and be either the same or
different. The irrelevant stimulus attributes (e.g. orientation and size) was the same for each
stimulus on a given trial but varied randomly from trial to trial. Two independent runs enabled
the localisation of pFs, LO proper, LO1, and LO2 as ROIls. To do this a scrambled version of
each of the intact choice stimuli was created — cut into 196 pieces and randomly rearranged to
form a new stimulus within the same space. The BOLD activation to scrambled images was
subtracted from the BOLD activation to intact versions of the same images presented at
different sizes and orientations. The parameter estimates for each condition from the main
experiment were then extracted from each of the ROIs and paired t-tests were performed to
compare differences between conditions. Subtraction logic was implemented to determine
which ROIs would adapt to stimulus form, orientation, and size presented in the main
experiment.

TMS Study: Two participants performed a match-to-sample task while TMS was applied to
LOC. The task was like the one we used in an earlier TMS study investigating the role of LOC
in form processing (Chouinard et al., 2017). In this task, the participants indicated which of
two choice stimuli, presented above and below fixation, matched the sample stimulus they saw
previously. There were three versions of this task, one for each stimulus dimension. In the form
task, only the form of one of the choice stimuli matched the sample. In the orientation task,
only the orientation of one of the choice stimuli matched the sample. Finally, in the size task,
only the size of one of the choice stimuli matched the sample.

Results and Discussion

Behavioural Study 1 (Laycock et al., 2017): We tested whether size aftereffects requires
conscious awareness of the adapting stimulus. If such effects are independent of conscious
awareness, then we would expect to see aftereffects regardless of the visibility of the adapting
stimulus. Instead, the results demonstrated that the suppression of an adapting stimulus from
conscious awareness by means of CFS completely eliminated size aftereffects. That is, size
aftereffects were established when participants were consciously aware of the adapter but not
when they were consciously unaware of the adapter. In short, we found evidence that size
processing of a stimulus occurs when participants are aware of it but not when it is
presented subliminally.

Behavioural Study 2 (Peel et al., 2018): We hypothesised that priming effects would persist
when the primes were rendered perceptually invisible by means of visual masking. This
hypothesis was not supported. Visual processing of subliminally presented primes did not
influence one’s ability to classify targets based on their shape, orientation and size—even
though priming effects were observed in the visible condition. The presence of priming effects
during the visible condition demonstrates that the method of presentation was effective for
determining the presence of priming effects. Thus, the lack of effects in the invisible condition
demonstrates that the prime was not processed in a way that could influence the proceeding
target. In short, we found evidence that size, form, and orientation processing of a stimulus
occurs when participants are aware of it but not when it is presented subliminally.



Behavioural Study 3 (Cox et al., 2018): This study investigated the effects of conscious
awareness on the processing of threatening animal and neutral object stimuli. It tested whether
the subconscious processing of such stimuli could be demonstrated with priming effects during
a categorisation task in which participants categorised stimuli at their specific semantic level.
Priming effects were only demonstrated in visible conditions in both visual masking and CFS
experiments. Thus, no evidence was found to suggest that the visual processing of such
stimuli occurs independently of conscious awareness. After performing this study, we felt
that further study was required to assess if a coarser representation of a threatening stimulus
can be subconsciously processed (e.g. its superordinate or valence category) — which is why
we then performed behavioural study 6.

Behavioural Study 4 (Peel et al., 2019): We used CFS in conjunction with an interocular
transfer paradigm to (a) evaluate if size information can be processed subconsciously and (b)
assess the contributions of early versus late visual structures in size perception. Specifically,
we tested if size judgements of a visible target could be influenced by a congruent or
incongruent prime presented to the same or different eye. Without CFS, participants
categorised a target as “small” or “large” more quickly when it was preceded by a congruent
prime — regardless of whether the prime and target were presented to the same or different eye.
Interocular transfer enabled us to infer that the observed priming was mediated by late visual
areas. In contrast, there was no priming under CFS, which underscored the importance of
awareness. We concluded that awareness and late visual structures are important for size
perception and that any subconscious processing of the stimulus had minimal effect on
size recognition.

Behavioural Study 5 (Peel et al., manuscript in preparation): We aimed to re-examine the
case-insensitive repetition priming reported by Dehaene et al. (2001) and the reduction of
priming effects with SOAs longer than 100 ms demonstrated by Greenwald et al. (1996). Three
key findings were evident from the results. Our results partially replicated the subliminal word
priming effect obtained by Dehaene and colleagues (2001). Participant RT was faster to
categorise word-congruent compared to word-incongruent trials. However, the results also
demonstrated that case is an important factor associated with subliminal word processing.
Overall, participant responses were faster when the prime and target words were presented in
the same case and were longer when the case was different. Finally, participant RT did not
differ when comparing short and long SOAs. No interaction between SOA and any other factor
thus demonstrates no differential effects were observed at one SOA but not the other. In short,
in opposition to the previous studies that we performed, we found evidence that words
are processed when participants are both aware of them and when they are presented
subliminally.

Behavioural Study 6 (Chouinard et al., under analysis): The results of both the spider and
snake experiments converged for both the recognition and priming tasks. Recognition accuracy
in the visible and invisible conditions were above chance level. For the priming task, both
experiments demonstrated a significant priming effect under both visible and invisible



conditions, with a stronger effect for the visible conditions. In short, again in opposition to
the first four behavioural studies that we performed, we found evidence that emotionally
salient stimuli are processed when participants are both aware of them and when they
are presented subliminally when people are required to judge them at a rudimentary
category level.
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Conclusions and Recommendations. Some of our research questions have been answered.
The visual processing of object size, shape, and orientation does not occur outside of conscious
awareness. Multiple studies using different masking techniques have all converged to this same
conclusion. Given that words and emotional stimuli (provided the latter are categorised more



coarsely) were found to be processed subliminally, it is doubtful that our null findings in the
first four studies had to do with our procedures. Our general recommendations for future
projects would be to focus on the examination of subliminal processing for words and for
stimuli with emotional valence. It is clear to us that words and emotionally salient stimuli are
processed outside of conscious awareness but not the most basic features of objects, including
their form, size and orientation, at least within the context of visual perception. Our fMRI
experiment has further revealed that LO proper contributes to the processing of these features
during conscious awareness. It is unlikely based on our experiments that it does so outside of
conscious awareness. It seems that conscious awareness is required for processing the basic
features of objects, such as their form, size, and orientation, for perceptual purposes.
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