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Abstract 

Conscious and attended perception is commonly thought to elicit fronto-parietal 

activity. However, supportive evidence comes largely from studies which involve 

detecting a target and reporting its visibility. This approach confounds conscious 

perception with goal completion of either the perceptual task of detection or the 

metacognitive task of introspective reporting. In contrast, in real life such 

perceptions are a means of achieving goals and rarely a goal in themselves, and 

almost never involve explicit metacognitive reports. It therefore remains unclear if 

fronto-parietal activity is indeed a correlate of conscious perception or is the result 

of confounds related to goal completion. Here we show that conscious and attended 

perception when delinked from goals does not increase fronto-parietal activity, and 

when inconsequential for the goal may even deactivate these regions. In experiments 

1 and 2 participants attended to a highly visible stream of letters to detect the 

occasional targets in their midst. The non-target letters, in spite of being visible and 

attended to, deactivated fronto-parietal regions. In experiment 3 we looked at the 

activity elicited by a loud auditory cue that had to be kept in memory for up to 9 s 

and used to select the correct rule for completing the goal. Even such a salient, 

attended and remembered event did not elicit prefrontal activity. Across these 

experiments conscious and attended perception only activated the relevant sensory 

regions while goal completion events activated fronto-parietal regions. 
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Significance statement  

Consciousness and attended perception has been seen to correlate with fronto-

parietal activity. This informs key theories of consciousness and attention, e.g. 

widespread availability of incoming information or its higher level representation 

causes perceptual awareness, or that top down attention during perception 

broadcasts incoming sensations into frontal and parietal regions. However such 

experiments unwittingly conflate attended and conscious perception with some 

form of goal completion, whereas such perception in our daily life mostly serves as 

a means of goal completion and not a goal in itself. Here we show that such 

perception when delinked from goal completion does not activate fronto-parietal 

regions, and may even deactivate these regions if the percept is inconsequential for 

goal completion. 

 

 

Introduction  

Certain perceptions have a special status. Not only do they induce 

activity in our neural systems and influence our behavior, but we have a 

subjective experience of perceiving them and we know that we have 

perceived them. Delineating the neural correlates of conscious perception 
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(NCC) is considered a tractable first step in understanding how and why 

some stimuli reach conscious awareness (Crick, 1995).  A key debate in 

this concerns whether widespread fronto-parietal activity is necessary for 

being aware of the incoming percept (e.g. Dehaene, 2014 and Koch et al. 

2016). 

A number of studies have linked consciousness of the percept to 

greater and more widespread fronto-parietal activity (for reviews see Rees, 

2007; Dehaene and Changeux, 2011), and form a key basis of both neural 

and cognitive theories of consciousness. For example, consciousness is 

thought to arise through higher level cognitions that re-represent the first 

order perceptual state, or alternately, through a global neuro-cognitive 

broadcast of local perceptual information (Lau and Rosenthal, 2011; 

Baars, 2013). However, the vast majority of these empirical findings come 

from experiments where conscious perception ends up being the goal of 

the task being executed, making it unclear if conscious awareness and not 

goal completion was the actual elicitor of the fronto-parietal activity. 

In masking experiments, for example, where subjects have to 

explicitly detect degraded and fleeting stimuli, the conscious perception 

of the otherwise difficult to perceive event is the obvious goal of the task 
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subjects pursue (e.g. Lau and Passingham, 2007). Likewise, when 

participants monitor and report changes in their percept during binocular 

rivalry, detecting and reporting the change becomes the goal of the task 

(Lumer, Friston & Rees, 1998; Knapen et al. 2011). Furthermore, the 

requirement to report awareness creates an additional metacognitive task 

that requires an explicit introspective monitoring of the ongoing 

phenomenal state. Conscious perception in these designs will be linked to 

success in difficult perceptual inference, goal attainment and 

metacognitive access (see also Aru et al. 2012; de Graaf et al. 2012). Each 

of these is known to involve fronto-parietal activity (Summerfield and 

Egner, 2009; Crittenden et al. 2013; Ericsson et al. 2008; Farooqui et al. 

2012; Fleming and Dolan, 2012). 

Relatedly, studies on attention typically focus on the goals of visual 

search, i.e. targets, and show that they elicit strong fronto-parietal activity 

(Corbetta & Shulman, 2002; Dehaene et al. 2006; Duncan, 2006). But top 

down attention is never limited to goals, all task relevant events (including 

objects and spaces) that are instrumental in goal completion, unlike events 

unrelated to the task, are attended albeit to a lesser extent than goals. 

Hence, when we search through a pile of papers, not just the target paper 
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but the entire pile being searched through, has to be sequentially attended 

to, unlike other parts of the desk. The fate of attended task events that are 

not goals is unclear. 

Across three experiments we investigate the neural fate of 

perceptual events that were easy to perceived, unambiguously conscious, 

had to be attended to as part of task execution but were not goals in 

themselves. We find that such events only activated their specific sensory 

regions, and could even deactivate fronto-parietal regions. 

 

Methods 

   

In the first two experiments we created an experimental equivalent 

of searching for a specific paper in a pile of papers. Participants attentively 

searched through serial letter presentations for pre-specified targets in 

their midst. We investigated the nature of activity elicited by individual 

non-target letter events that were highly visible and had to be attended to 

to detect targets in their midst. In experiment 1 we looked at the effect of 

top-down attention on the activity elicited by these letters, while in 
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experiment 2 we compared activity during periods of such attentive and 

conscious perception to that during periods of passive wait in front of a 

blank screen (experiment 2). 

 

 

Experiment 1 

 

Figure 1. Experiment 1. Trials began with a three-letter cue word. The three letters of this word were to be 
covertly detected, in the correct order, in the ensuing letter stream. After all three had been detected search 
stopped and subjects waited for the letter stream to end, at which point a probe appeared asking if all three 
targets had appeared. In half of the trials all three targets did not appear and the search continued till the 
end of the sequence. The total length of the letter sequence was constant at 40 letters presented at the rate 
of 1/s (on for 900 ms). The length of the three searches and of the passive wait varied from 2 to 32 s. 

 

  

Participants saw sequences of highly visible letters presented at the 

rate of 1/s (on for 900 ms) for the occurrence of the occasional pre-

specified letter targets interspersed with, and of the same size, color and 
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font as, these letters (Figure 1). A three-letter word (e.g., ‘CAT’; on for 3.5 

s) presented at the start of the trial indicated the three targets (T1, T2 T3; 

e.g., Fig. 1a, T1 ‘D’, T2 ‘A’, T3 ’T’). The letter sequence began after a 

jittered gap of 1 – 5 s. The letter stream consisted of a total of 40 letter 

presentations.    

Participants began by covertly monitoring for T1 (Figure 1, ‘D’), at 

its detection they looked for T2 and so on. The sequence of search was 

important; each target could only be searched for after the previous one 

had been detected and was irrelevant when it occurred before this point. 

After covertly detecting the three targets participants passively waited for 

the letter sequence to end. After which a probe appeared (e.g. ‘DAT?’) to 

which participants responded if all three targets had appeared in that trial. 

Responses were made on a button box positioned under the participant’s 

right hand (index finger for ‘yes’, middle finger for ‘no’). A variable inter-

trial interval of 2 –7 s preceded onset of the cue for the next trial. All three 

targets appeared in only 50% of the trials; in the rest one, two or none of 

the targets appeared. The inter-target interval within a trial varied 

randomly between 2 to 32 s. 
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All stimuli were centered on the screen, visible from the 

participant’s position in the scanner via a mirror mounted within the head 

coil. Letters were presented in white fonts on a black background and 

subtended a visual angle of 2° vertically. Participants learnt the task in a 

10 min pre-scan practice session and then proceeded to a scanning session 

of an hour, which was divided into three separate scanning runs, each 

consisting of 20 trials. 

We investigated if attended perception of the non-target letters of 

the sequence elicited fronto-parietal activity. In the first analysis we 

modeled the entire 40 s letter sequence with a set of 20 finite impulse 

regressors (FIR) starting from its onset. Target events were separately 

modeled with eight 2 s long FIRs. This allowed us to delineate the activity 

during the perception of the letters of the sequence as well as that elicited 

by the target letters without making assumptions about the nature of the 

canonical hemodynamic response.  

In the second analysis we contrasted the activity elicited when letters 

were attentively perceived (i.e. during the attentional search) with that 

during the passive wait after the search was over (i.e. when letters were no 

longer under top-down attention). For this the periods of the three 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


10 

searches and the passive wait were modeled with separate epoch 

regressors, while target events were modeled as events of no duration. 

These regressors were convolved with hemodynamic basis function 

(HBF). 

In both analyses, the cue and the probe were modeled using epoch 

regressors of width equal to their durations and convolved with the HBF. 

Movement parameters and block means were included as covariates of no 

interest. Parameter estimates for each regressor were calculated from the 

least-squares fit of the model to the data, and (in the second analysis) 

estimates for individual participants were entered into a random effects 

group analysis.  

Whole-brain comparisons were performed using paired t-tests on 

the relevant contrast values from each participant’s first-level analysis. 

Unless otherwise specified, all results are reported at a threshold of p < 

0.01 and corrected for multiple comparisons using the false discovery rate. 

Coordinates for peak activation are reported using an MNI template. 

To capture frontoparietal regions widely engaged in cognitive 

control, 10 regions of interest (ROIs) were created as spheres of 10 mm 
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radius at coordinates that have been shown to be consistently active in 

varied tasks (Dosenbach et al., 2006; Duncan, 2006). Note these are also 

the regions seen active in a number of previous studies on neural 

correlates of consciousness (bilateral IFS, IPS, AI, APFC; reviewed in 

Rees, 2007). The ROIs (in MNI space) were bilateral inferior frontal 

sulcus (IFS; central coordinate ± 41 23 29), bi-lateral intraparietal sulcus 

(IPS; ± 37 − 56 41), bilateral anterior insula extending into frontal 

operculum (AI/FO; ± 35 18 3), anterior cingulate cortex (ACC; 0 31 24), 

and presupplementary motor area (pre-SMA; 0 18 50), all taken from 

Duncan (2006); bilateral anterior prefrontal cortex ROIs (APFC; 27 50 23 

and − 28 51 15) were taken from Dosenbach et al. (2006). ROIs were 

constructed using the MarsBaR toolbox for Statistical Parametric 

Mapping or SPM. Estimated data were averaged across voxels within each 

ROI using the MarsBaR toolbox, and the mean values were exported for 

analysis using SPSS. 
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Experiment 2 

 

Figure 2. Experiment 2. Trials began with the presentation of a three digit number cue, appearances of 

which were to be sequentially detected in the following search episode.  Search started after an average gap 

of 3 s and was marked by the appearance of a blue square, which either remained blank during blank phases 

or contained a series of letters (letter phases) each appearing for 1 s with no gap between consecutive letters. 

Targets were presented in identical conditions to the letters. Participants made button press responses on 

detecting the correct target. Note that in the above figure the third (a) and first (b) phases are blank. 

 

 

The overall scheme of the experiment was similar to experiment 1 

(Figure 2). Here, we compared the activity elicited during attended 

viewing of the letter sequence to passively waiting in front of a blank 

screen. At the beginning of each trial participants were shown a 3-digit 

sequence (e.g., ‘517’ presented for 1 s). They were to sequentially detect 

each of the three digits in the ensuing letter sequence. Between 1 and 7 
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seconds later (jittered, mean = 3 s) a blue square (2.5º visual angle) 

appeared on the screen which either remained blank till the appearance of 

the first target number (blank phase) or contained a series of consecutive 

letters (presented in black font on white background, visual angle of 2° 

vertically) each presented for 1 s with no intervening gap (letters phase). 

Numerical targets and letters were identical in font, color, size and 

duration. At the appearance of the 1st target (T1) participants pressed the 

button under their right index finger and started searching for T2. At its 

appearance they pressed their right middle finger button and began 

searching for T3, which appeared in 50% of trials in which case they 

pressed their ring finger button. The remaining trials ended without T3 

being presented. Half of the search periods leading up to T1 and T3 (1st 

and 3rd phases) were blank during which participants passively waited for 

the target to appear, while the period between T1 and T2 (2nd search 

phase) was always a letter phase. Trial length was 30 s. The length of the 

1st and the 3rd phase was jittered between 2 to 22 s while that of the 2nd 

phase varied between 2 to 7 s. 

Participants were told that correct and fast responses to all 3 targets 

(when present) would score 1 point. Responses to only two targets when 
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only two were presented would not score. Any trial which contained a 

response to a non-target or a non-response to a target would lose a point. 

The current score was displayed at the end of each trial for 1 s. The next 

trial began after a variable inter-trial interval of 2 - 7 s. 

Letters were selected in a quasi-random manner such that a 

particular letter (‘X’ or ‘Y’) was presented with a higher probability (0.2). 

This allowed a check at the end of the session as to whether participants 

had noticed one letter appearing more frequently than others without 

giving prior warning that any letter report would be required (see below). 

We did two kinds of analysis. In the first Letter and blank phases 

were modeled with epoch regressors while target, cues and score events 

were modeled as event regressors. These were convolved with the HBF. 

Movement parameters were included as covariates of no interest. 

Parameter estimates for each regressor were calculated from the least-

squares fit of the model to the data, and estimates for individual 

participants were entered into a random effects group analysis. 

In the second analysis twenty seconds of activity following the 

beginning of first phase was modelled with ten 2s long FIR regressors. 
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Letter phase and blank periods were separately modelled. Targets and cue 

were modelled as events of no duration and convolved with the HBF. 

Through this we aimed to capture the activity elicited during the first 

phase. We chose this period over the third phase because activity captured 

by FIR model during the third phase will inevitably also include that 

elicited by the third target detection. 

Experiment 3 

In this experiment we used a very different design. The perceptual 

events investigated in the previous two experiments were clearly visible 

and had to be attended to but their presence did not have much 

consequence for the subsequent course of cognition.  In this experiment 

we investigated if cues that informed the rule to be used to achieve the 

goal elicited fronto-parietal activity. 
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Figure 3. Experiment 3. Trials began with an auditory cue that informed the rule to be used in categorizing the 

relevant picture in the visual stimuli to follow (see text). Four potential rules were cued by four different cues. 

After the response to these stimuli fixation-cross color changed signaling the beginning of inter-trial period. 

In 20% of trials the visual stimuli did not appear, and the auditory cue and the wait for the visual stimuli were 

directly followed by a change in color of the fixation cross signaling the end of the trial. 

 

Subjects waited for one of the four auditory cues (‘P1’, ‘P2’, ‘F1’ and 

‘F2’ spoken in a mechanical voice) while viewing a fixation cross (Figure 

3). The cue informed which of the four rules were to be used for 

responding to the visual stimuli to follow. After a variable wait of 1.5 to 9 

s the visual stimuli appeared. They consisted of a picture of a face and of 

a place placed above/below the fixation cross. Depending on the cue 

participants categorized the following stimuli. P1 - the picture of place as 

indoor (index finger) or outdoor (middle finger); P2 - place as indoor 

commercial (index), indoor non-commercial (middle), outdoor 

commercial (ring) and outdoor non-commercial (little finger); F1 - face as 
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male (index) or female (middle finger); F2 - face as young male (index), 

old male (middle), young female (ring), old female (little). The loudness of 

the cue was set at a level that was comfortably and clearly audible. 

All responses were made with right hand. After the response the 

color of the fixation cross changed signaling the end of the trial. The next 

cue followed a random interval of 3 to 12 s. On one-fifth of the trials the 

cue was not followed by the stimuli instead after a random wait the color 

of the fixation cross changed without the stimuli appearing, and the inter 

trial trial began with subjects waiting for the new cue to appear. This was 

done to further separate the activities elicited by the cue from those 

related to the stimuli. 

We investigated the time series of activity elicited by these cues that 

were clearly perceived, consciously attended and task relevant; in fact their 

information was to be maintained for up to next 9 s. The cue was clearly 

not the goal of the task, but nonetheless was indispensable for goal 

completion. We modeled the period of 10 s following the cue with ten 1 

s long FIRs. Unlike the cue, the response coincided with the completion 

of the task goal. We likewise modeled the 10 s period following the 

response with ten FIRs. Rest of analysis was similar to experiment 1. 
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Subjects 

Twenty-one participants were recruited for each of experiments 1 

(15 females; mean age, 24.5 ± 4.1years) and 2 (12 females; mean age, 22 

± 4 years) and twenty seven participants were recruited for experiment 3 

(15 females; mean age 50 ± 6.6 years). In experiment 3, two participants 

had to be excluded from analysis due to very poor behavioral 

performance. However, including their data did not change the results 

from that reported here. All participants were recruited from the MRC-

CBU volunteer panel. Participants were right handed and had normal or 

corrected vision. Informed consent was taken, and the participants were 

reimbursed for their time. The study had the approval of Hertfordshire 

Local Research Ethics Committee. 

Acquisition (Experiments 1 and 2) 

fMRI data were acquired using a Siemens 3T Tim Trio scanner with 

a 12 channel head coil. A sequential descending T2*- weighted echo 

planar imaging (EPI) acquisition sequence was used with the following 

parameters: acquisition time, 2000 ms; echo time, 30 ms; 32 oblique slices 

with slice thickness of 3 mm and a 0.75 mm interslice gap; in-plane 
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resolution, 3.0 _ 3.0 mm; matrix, 64 _ 64; field of view, 192 mm; flip angle, 

78°. T1-weighted MP RAGE structural images were also acquired for all 

participants (slice thickness, 1.0 mm; resolution, 1.0 _1.0_ 1.5 mm; field 

of view, 256 mm; 160 slices). Experimental task started after 12 “dummy” 

scans had been acquired. These were discarded from the general linear 

model to allow for T1 equilibration effects.  

Experiment 3 – Acquisition was identical to the above except that 

16 slices were taken in an acquisition time of 1000 ms. Acquisition 

window was angled to include occipital, parts of temporal (specifically 

auditory regions) and frontal regions leaving out superior parts of frontal 

and parietal cortices, anterior temporal regions and inferior cerebellum.  

 

 

Analysis 

The fMRI data were analyzed using SPM8 and SPM12 (experiment 

3). Before statistical analysis, all EPI volumes were slice-time corrected 

using the first slice as a reference and then realigned into a standard 

orientation using the first volume as a reference. These realigned volumes 
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were then normalized into the Montreal Neurological Institute (MNI) 

space and spatially smoothed using an 8 mm full-width half-maximum 

Gaussian kernel. During the normalization stage, voxels were resampled 

to a size of 3_3_3 mm. The time course of each voxel was high pass 

filtered with a cutoff period of 90 s. 

 

Results 

Experiment 1 

Average response time was 770 ± 18 ms, while average accuracy 

was 96.1% (±2.7). Expectedly, target detection events elicited strong 

activity in all fronto-parietal regions, with the final target eliciting higher 

and more widespread activity (colored plots in Figure 4; see Farooqui et 

al. 2012 for a detailed analysis). But our concern in this study was the 

activity elicited by the non-target letters. Such letters were consciously 

perceived - they were presented at fixation for long duration and had to 

be attended to detect target letters in their midst. If attended and 

conscious perception of such letters elicited increased fronto-parietal 

activity we would expect increased activity during the visual search than 

during the preceding or succeeding periods of rest. 
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Figure 4. Experiment 1. Black plots show the estimated activity during the 40 s of letter sequence 

presentations. Note that the start of the sequence was accompanied by widespread deactivation that started 

returning towards the baseline after 12 - 14 s. In contrast targets elicited strong activity (red: T3, green: T2, 

blue: T1). 

Figure 4 shows the time series of activity starting from the beginning 

of the letter stream. None of the fronto-parietal regions increased their 

activity with the onset of the letter stream. Instead all of these regions 

deactivated and continued to do so for up to initial 14 s and then returned 

to the baseline towards the end of the search. Sequential conscious 

perception of the letters was not correlated with an increase in the activity 

of these regions. In fact even an event as salient and conscious as the 
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beginning of visual search did not activate these regions, instead coincided 

with a widespread deactivation. 

 

Figure 5. Experiment 1. ‘Cooler’ regions in the whole brain render were more active during rest following the 

search than during search, while ‘hotter’ regions were more active during the search. Plots show that all 

fronto-parietal regions were more active during the rest period than during the search. 

We next compared activity during the period when the letter 

sequence was being attended to (i.e. during the search) to when they were 

passively viewed (i.e. after the search had ended). Only visual regions near 

the occipital pole showed greater activity during attentive search 

compared to the subsequent passive wait (Figure 5). In contrast, very 
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widespread set of regions that included both cognitive control and default 

mode related fronto-parietal regions showed greater activity during 

passive wait compared to the attended search.  

Thus, the conscious and attended perception of the letter events 

correlated with a decrease in fronto-parietal activity compared to both the 

preceding and succeeding intervals when subjects were waiting passively. 

Through the next experiment we show that the fronto-parietal activity 

elicited during the conscious and attended perception of these letters was 

lower than during waiting passively in front of a blank screen. 

 

Experiment 2 

Most participants exceeded 97% (average 98.2 ± 0.3) with a mean 

reaction time of 410 ± 10 ms. RT of detecting targets in the midst of the 

letter sequence was faster than when targets appeared after blank waiting 

periods (t20 = 2.2; p = 0.03). This would be expected because during the 

letter sequence participants were actively engaged in search and were 

ready for the possibility that any letter event could be a target, while during 

blank periods they were passively waiting for the target to appear and can 

be expected to be prone to mind wandering (Smallwood et al. 2008). Post 
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experiment 17/21 participants could correctly recall the letter that 

appeared most frequently in the letter sequence. The remaining 4 who 

were not certain of their answer, nonetheless, answered correctly when 

given four options to choose from. 

 

Figure 6. Experiment 2. Hotter and cooler regions were more and less active respectively during the search 

through the letter sequence than during the passive wait in front of the blank screen. ROI analysis showed 

that during phase 1 only left IFS showed greater activity during letter sequence than blank phases, other ROIs 

did not differ. However, during phase 3 most ROIs showed greater activity during blank phases compared to 

the letter sequence. 
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Again, if increased fronto-parietal activity is integral to attended and 

conscious perception then we would expect higher activity in these 

regions during letter sequence phases when participants are attending and 

perceiving a series of letters than during blank periods, during which the 

perceptual phenomenon was passive and constant. However, a whole 

brain contrast (Letter phase > Blank phase) was significant only in 

occipital regions (Figure 6), wherein it extended from the occipital pole 

(BA 17) laterally through BA 18, 19 and 37 (the lateral occipital complex, 

LOC; Grill-Spector et al. 2001). Small clusters of significance were seen 

subcortically in head of caudate and posterior thalamus. Decreasing the 

statistical threshold (to uncorrected p <0.05) showed an additional small 

cluster in left posterior prefrontal region. 

A reverse of this contrast (Figure 6) showed that activity during the 

Blank phases was greater than the Letter Phases in widespread brain 

regions including right fronto-parietal cortices, medial occipital and 

parietal regions (Calcarine sulcus, lingual gyrus, cuneus and precuneus), 

temporo-parietal junction, inferior parietal lobule, again suggesting that 

the attended and conscious perception of letters were accompanied by 

widespread deactivation of fronto-parietal regions. 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


26 

Plots in Figure 6 show the activity elicited in these regions by the 

Blank and Letter sequence phases when they corresponded to the first 

and the third phases. During the 1st phase, almost all regions showed a 

net deactivation. In most ROIs the activity elicited during the Letter 

phases was not different from Blank phases. Only in left IFS (paired t20 = 

2.3, p = 0.03), with some trends in left IPS (p = 0.07) was the activity 

during Letter phases significantly less negative than during Blank phases. 

It is noteworthy that none of these regions showed net positive change in 

activity (see below for further analysis on this issue).  

All regions elicited higher activity during the third phase compared 

to the first phase (see Farooqui & Manly, under review, for a detailed 

analysis of this issue). Importantly, the Letter sequences during the third 

phase elicited less activity than the Blank phases of this search in all ROIs 

except left IFS. This reached statistical significance in left AI and APFC, 

right APFC, IFS, IPS and AI (t20 > 3.7, p<0.01). Importantly in left IFS 

there was no difference between these two phases (t20 = 0.3, p = 0.7). 
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Figure 7. Experiment 2. As in experiment 1 early part of the search was accompanied by a widespread 

deactivation of fronto-parietal regions that gradually returned towards the baseline. 

 

 

Through a separate GLM, we looked at the time course of activity 

starting from the beginning of the search through next 20 s 

(corresponding largely to the first search period) by modeling them with 

ten 2-second long FIR regressors. Figure 7 confirms that in the fronto-

parietal ROIs including the left IFS both Blank and Letter Phases were 

linked to a deactivation starting with the onset of search and the 

presentation of the letter events.  
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Again, attended and conscious perceptual events (the letters of the 

sequence) that were not goals of ongoing tasks instead of activating were 

accompanied by a deactivation of fronto-parietal regions. This was self-

evident during the first phase and could be inferred during the third phase 

because the absence of these letters elicited greater fronto-parietal activity.  

 

Experiment 3 

 Perceptual events in experiments 1 and 2 though attended and 

consciously perceived were nonetheless inconsequential for subsequent 

cognition because the non-target letter event did not affect the subsequent 

course of task execution. In experiment 3 we show that the perception of 

cues that have to be kept in working memory for extended periods of time 

and that inform the rule to be used for subsequent goal completion does 

not elicit increased fronto-parietal activity either. 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


29 

 

Figure 8. Experiment 3. Maroon plots show the average estimate of activity elicited by the auditory cues. Note 

that these cues only activated the auditory regions. In contrast, the response event (dashed blue plots) 

activated all fronto-parietal regions. In brain render the hot and cold colors show regions where the BOLD 

activity increased and decreased across initial 5 seconds following cue perception. 

 

Average accuracy and RT were 89.3 % (± 1.1) and 2660 ms (± 241). 

Maroon plots in Figure 8 show the estimates of activity following the cue. 

As is evident, increased activity was seen only in auditory regions (A1) and 

not in any prefrontal region. In contrast, the response to the stimuli – 
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marking the completion of the goal – elicited widespread prefrontal 

activity (blue dashed plots).  

Next we contrasted activity estimates for each of the scanned voxel 

during the first two seconds to that during the fourth and fifth seconds 

following the cue. This would capture any scanned region where 

perception of cue elicited an increase in activity. However, this analysis 

too yielded significant results only in auditory temporal regions (brain 

render in Figure 8; results shown at a liberal threshold of uncorrected p 

<0.01). Thus, prefrontal activity did not increase even in response to 

highly salient cues that had to be remembered for extended intervals. 

Note that unlike experiments 1 and 2, attended cues did not deactivate 

fronto-parietal regions.  

 

Discussion 

Previous research has linked conscious and attended perception to 

increased front-parietal activity (Duncan, 2006; Rees, 2007; Dehaene and 

Changeux, 2011). Here, such perception delinked from task goals elicited 

a widespread deactivation of fronto-parietal regions (experiments 1 and 
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2) or showed an absence of increased activity (experiment 3). While 

arguing against the necessity of increased fronto-parietal activity for 

conscious and attended perception, current results suggested that goals 

may have been the key confounds in the purported association between 

them.  

Consciousness 

Though our experiments could not specify regions whose activity 

correlated only with the conscious perception, they decisively tested the 

thesis that fronto-parietal activity is a necessary correlate of conscious 

perception. Our negative results suggested that previous results were 

indeed confounded by issues related to resolving perceptual ambiguity, 

goal completion, and explicit and difficult metacognitive judgments. This 

is also supported by an analysis of previous studies that did not find 

fronto-parietal activity during conscious perception.  

Tse et al. (2005) found that conscious perception of unattended and 

task irrelevant stimuli correlated with visual regions and not with fronto-

parietal activity. Like the current study this study did not ask participants 

to report their awareness and relied on perceptual conditions where 
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conscious perception was extremely likely. This may be important because 

the requirement to report phenomenal awareness makes detecting 

changes in awareness a goal akin to detecting targets during a search. 

Participants have to explicitly monitor their awareness for changes linked 

to the perception of target event e.g. shift in current percept during 

binocular rivalry and when that occurs their goal of the metacognitive task 

is complete - they have detected what was required to be detected. 

Consequently, experiments that did not involve explicit phenomenal 

reports found decreased to absent prefrontal activity during conscious 

perception (Tsuchiya et al. 2015). For example, Frassle et al. (2014) 

showed that prefrontal activity seen during binocular rivalry decreased 

when the requirement to report the current percept was removed, 

suggesting that issues related to metacognitive monitoring, reporting the 

subjective state, and related action selection at least partially accounted for 

such activity.   

Many studies have relied on degraded or difficult to interpret stimuli 

e.g. during visual masking and binocular rivalry, and the accompanying 

fronto-parietal activity may have been related to the success in resolving 

perceptual difficulty. This was evident when Moustoussis and Zeki (2002) 
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used perceptual ambiguity to render stimuli unconscious. Pictures made 

through color contrasts could either be easily visible e.g. green house on 

a red background, or they were rendered non-conscious through 

binocular rivalrous presentation of identical stimuli made with opposite 

color contrasts (green house on red background in one eye and red house 

on green background in the other). They found that easily visible pictures 

activated only visual regions while the ambiguous non-conscious pictures 

activated prefrontal regions. Akin to the current results, Goldberg et al. 

(2006) showed that regions that activate during explicit introspection 

(which included many fronto-parietal regions) deactivate during simple 

perceptual categorization that was likely to involve conscious perception. 

It is possible that cortical regions that process the perceptual and 

task related aspects of a stimulus may also be the ones that make it 

conscious. Identifying difficult to interpret stimuli (e.g. during visual 

masking and binocular rivalry) is difficult and requires widespread neural 

processing that also correlate with their conscious perception. In contrast, 

letters in experiments 1 and 2 were easy to process and inconsequential 

for goal directed action and hence activated only early regions of visual 

processing hierarchy. This thesis was well demonstrated when participants 
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were asked to identify pictures of animate/inanimate objects made with 

fragmented colored lines and hidden amongst other lines (Eriksson et al. 

2008). Consciously identifying was initially difficult and activated 

widespread fronto-parietal regions, but as identification became easier 

with practice and this activity reduced. Likewise, when pictures of fearful 

faces were presented in binocular rivalry with disgusted or neutral faces, 

they were more likely to win the competition and be the dominant 

conscious percept but, crucially, elicited less fronto-parietal activity than 

other face pictures (Amting et al. 2010). Case reports of patients with 

bilateral frontal lobotomy suggest that these patients did not lose their 

conscious perception (Miller, 1967; Fleming and Dully, 2008), 

nonetheless, patients with frontal damage do show a deficit in perceiving 

degraded and fleeting stimuli (Del Cul et al. 2009). 

 

Attention 

Were these events attended? While it would be difficult to argue that 

the cues in experiment 3 were unattended, it may be claimed that the letter 

events in experiments 1 and 3 were not really attended. Even if this claim 
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was accepted for a moment, it is still notable that the onset of the letter 

sequence – an event very likely to be both salient and attended (like the 

cue in experiment 3) - also elicited a fronto-parietal deactivation.  

The construct of attention is used for task events (space and objects) 

that are selectively focused upon in a top-down manner to the exclusion 

of task irrelevant events (James, 1890; Desimone & Duncan, 1995). Here 

the letters of the sequence were task relevant in that they were part of the 

relevant task environment and were relevant task events as opposed to 

ongoing task irrelevant peripheral vision, scanner noise, various somatic 

sensations etc. Most importantly, the current results showed that these 

letter events were not just ignored as unattended but elicited a deactivation 

of fronto-parietal regions. 

Note that the current results need not imply that these regions were 

not needed for attentional functions of identifying and rejecting non-

targets (experiments 1 and 2). It remains plausible that these regions were 

needed to create attentional task sets early on in the experiment, which 

then filtered out non-targets early in visual processing without the need 

for an ongoing increase in fronto-parietal activity (for related ideas see 

Hommel, 2000; Muhle-Karbe et al. 2016). Such sets could have been 
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maintained across time without sustained increased fronto-parietal 

activity (e.g. Lewis-Peacock et al. 2012; Stokes et al. 2013), perhaps 

through a sustained change in synaptic weights within the relevant 

network (Mongillo et al. 2008). The decrease in activity could have been 

a means of preserving synaptic weight configurations maintaining the 

attentional set by preventing irrelevant activity. Alternately, deactivation 

could represent active exclusion of inconsequential task events from 

fronto-parietal cortex because of limited representational capacity of these 

regions (see Marois & Ivanoff, 2005) and the potential of fronto-parietal 

representations to influence processing in widespread regions (Duncan, 

2006). 

Attention is not just an amplifier of sensory representation being 

attended to, and may be better seen as a means of ensuring that incoming 

percepts are assigned to neural systems where their subsequent processing 

will enhance goal completion, and that they are excluded from systems 

where their representation/processing is not required or may be 

disruptive. Hence, salient and attention grabbing distractors are 

demonstrated to be better excluded from deeper cognitive processing 

than less salient distractors (Hickey et al. 2009; Gasper et al 2014; Moher 
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et al. 2015; Gaspelin et al. 2015). While these studies demonstrate the 

active exclusion of attention grabbing events that appear at the same time 

but at a different space from the targets of the search or goal of the action, 

current results suggested the possibility of suppression mechanisms that 

operate across time while the target is being searched for.  

This view of attention may also explain frequent observations of 

deeper processing of task irrelevant events that are less visible or 

subliminal and better exclusion of those that are more visible. Thus, the 

learning of associations involving subliminal and incidental perceptual 

events in the task environment is better than associations involving more 

visible events (Watanabe et al. 2001; Tsushima et al. 2006, 2008; Farooqui 

& Manly, 2015). Likewise, subliminal events presented during the 

execution of an ongoing task frequently results in stronger priming effects 

than more visible events (Lau & Passingham, 2007; Zhou & Davis, 2012; 

Manly et al. 2014; Lin & Murray, 2015). Arguably, in such cases more 

visible events are more accessible to attentional mechanisms that put 

stronger limits on their processing compared to the case with subliminal 

events. 
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Current study showed that conscious and attended perception far 

from necessarily activating fronto-parietal regions can be accompanied by 

a deactivation of these regions when delinked from task goals. This raised 

a speculative possibility of an attentional suppression mechanism that 

excludes inconsequential task events from achieving widespread 

processing. 

 

 

 

 

 

 

 

 

 

 

 

 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


39 

References 

Amting, J. M., Greening, S. G., & Mitchell, D. G. V. (2010). Multiple mechanisms of 

consciousness: the neural correlates of emotional awareness. The Journal of 

Neuroscience, 30(30), 10039–47.  

Aru, J., Bachmann, T., Singer, W., & Melloni, L. (2012). Distilling the neural correlates of 

consciousness. Neuroscience and Biobehavioral Reviews, 36(2), 737–46.  

Baars, B. J., Franklin, S., & Ramsoy, T. Z. (2013). Global workspace dynamics: cortical 

“binding and propagation” enables conscious contents. Frontiers in Psychology, 4, 200.  

Koch, C., Massimini, M., Boly, M., & Tononi, G. (2016. Neural correlates of consciousness: 

progress and problems. Nature Reviews Neuroscience, 17(5), 307–321.  

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and stimulus-driven 

attention in the brain. Nature Reviews. Neuroscience, 3(3), 201–15.  

Crick, F. (1995). Astonishing Hypothesis: The Scientific Search for the Soul. Simon and 

Schuster.  

Crittenden, B. M., & Duncan, J. (2014). Task difficulty manipulation reveals multiple 

demand activity but no frontal lobe hierarchy. Cerebral Cortex (New York, N.Y. : 1991), 

24(2), 532–40.  

de Graaf, T. A., Hsieh, P.-J., & Sack, A. T. (2012). The “correlates” in neural correlates of 

consciousness. Neuroscience and Biobehavioral Reviews, 36(1), 191–7.  

Dehaene, S., & Changeux, J.-P. (2011). Experimental and Theoretical Approaches to 

Conscious Processing. Neuron, 70(2), 200–227.  

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


40 

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.  

Dehaene, S. 2014. Consciousness and the Brain. Singapore Books 

Del Cul, A., Dehaene, S., Reyes, P., Bravo, E., & Slachevsky, A. (2009). Causal role of 

prefrontal cortex in the threshold for access to consciousness. Brain : A Journal of 

Neurology, 132(Pt 9), 2531–40.  

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selective visual attention. Annual 

Review of Neuroscience, 18, 193–222.  

Dosenbach, N. U. F., Visscher, K. M., Palmer, E. D., Miezin, F. M., Wenger, K. K., Kang, H. 

C., … Petersen, S. E. (2006). A core system for the implementation of task sets. Neuron, 

50(5), 799–812.  

Duncan, J. (2006). EPS Mid-Career Award 2004: Brain mechanisms of attention. The 

Quarterly Journal of Experimental Psychology, 59(1), 2–27.  

Duncan, J. (2013). The structure of cognition: attentional episodes in mind and brain. 

Neuron, 80(1), 35–50. http://doi.org/10.1016/j.neuron.2013.09.015 

Eriksson, J., Larsson, A., & Nyberg, L. (2008). Item-specific training reduces prefrontal 

cortical involvement in perceptual awareness. Journal of Cognitive Neuroscience, 

20(10), 1777–87.  

Farooqui, A. A., & Manly, T. (2015). Anticipatory control through associative learning of 

subliminal relations: invisible may be better than visible. Psychological Science, 26(3), 

325–34. http://doi.org/10.1177/0956797614564191 

Fleming, C., & Dully, H. (2008). My Lobotomy: A memoir. Ebury Publishing.  

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


41 

Fleming, S. M., & Dolan, R. J. (2012). The neural basis of metacognitive ability. 

Philosophical Transactions of the Royal Society of London. Series B, Biological 

Sciences, 367(1594), 1338–49.  

Frassle, S., Sommer, J., Jansen, A., Naber, M., & Einhauser, W. (2014). Binocular Rivalry: 

Frontal Activity Relates to Introspection and Action But Not to Perception. Journal of 

Neuroscience, 34(5), 1738–1747.  

Gaspar, J. M., & McDonald, J. J. (2014). Suppression of salient objects prevents distraction 

in visual search. The Journal of Neuroscience, 34(16), 5658–66.  

Gaspelin, N., Leonard, C. J., & Luck, S. J. (2015). Direct Evidence for Active Suppression of 

Salient-but-Irrelevant Sensory Inputs. Psychological Science, 26(11), 1740–1750.  

Goldberg, I. I., Harel, M., & Malach, R. (2006). When the brain loses its self: prefrontal 

inactivation during sensorimotor processing. Neuron, 50(2), 329–39.  

Grill-Spector, K., Kourtzi, Z., & Kanwisher, N. (2001). The lateral occipital complex and its 

role in object recognition. Vision Research, 41(10-11), 1409–1422.  

Hickey, C., Di Lollo, V., & McDonald, J. J. (2009). Electrophysiological indices of target 

and distractor processing in visual search. Journal of Cognitive Neuroscience, 21(4), 

760–75.  

Hommel, B. (2000). The prepared reflex: Automaticity and control in stimulus-response 

translation. In S. Monsell, & J. Driver (Eds.), Control of cognitive processes: Attention 

and Performance, Vol. XVIII (pp. 247-273). Cambridge, MA: MIT Press. 

James, W. (1890). The Principles of Psychology, Volume 1. H. Holt.  

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


42 

Knapen, T., Brascamp, J., Pearson, J., van Ee, R., & Blake, R. (2011). The role of frontal and 

parietal brain areas in bistable perception. The Journal of Neuroscience, 31(28), 10293–

301.  

Lau, H. C., & Passingham, R. E. (2007). Unconscious Activation of the Cognitive Control 

System in the Human Prefrontal Cortex. The Journal of Neuroscience, 27(21), 5805–

5811.  

Lau, H., & Rosenthal, D. (2011). Empirical support for higher-order theories of conscious 

awareness. Trends in Cognitive Sciences, 15(8), 365–73.  

Lewis-Peacock, J. A., Drysdale, A. T., Oberauer, K., & Postle, B. R. (2012). Neural evidence 

for a distinction between short-term memory and the focus of attention. Journal of 

Cognitive Neuroscience, 24(1), 61–79.  

Lin, Z., & Murray, S. O. (2015). More power to the unconscious: conscious, but not 

unconscious, exogenous attention requires location variation. Psychological Science, 

26(2), 221–30.  

Lumer, E. D., Friston, K. J., & Rees, G. (1998). Neural correlates of perceptual rivalry in the 

human brain. Science (New York, N.Y.), 280(5371), 1930–4.  

Manly, T., Fish, J. E., Griffiths, S., Molenveld, M., Zhou, F. A., & Davis, G. J. (2014). 

Unconscious priming of task-switching generalizes to an untrained task. PloS One, 9(2), 

e88416. http://doi.org/10.1371/journal.pone.0088416 

Marois, R., & Ivanoff, J. (2005). Capacity limits of information processing in the brain. 

Trends in Cognitive Sciences, 9(6), 296–305. http://doi.org/10.1016/j.tics.2005.04.010 

Miller, A. (1967). The lobotomy patient--a decade later: a follow-up study of a research 

project started in 1948. Canadian Medical Association Journal, 96(15), 1095–103.  

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


43 

Moher, J., Anderson, B. A., & Song, J.-H. (2015). Dissociable Effects of Salience on 

Attention and Goal-Directed Action. Current Biology, 25(15), 2040–6.  

Mongillo, G., Barak, O., & Tsodyks, M. (2008). Synaptic theory of working memory. 

Science, 319(5869), 1543–6.  

Moutoussis, K., & Zeki, S. (2002). The relationship between cortical activation and 

perception investigated with invisible stimuli. Proceedings of the National Academy of 

Sciences of the United States of America, 99(14), 9527–32.  

Muhle-Karbe, P. S., Duncan, J., De Baene, W., Mitchell, D. J., & Brass, M. (2016). Neural 

Coding for Instruction-Based Task Sets in Human Frontoparietal and Visual Cortex. 

Cerebral Cortex. http://doi.org/10.1093/cercor/bhw032 

Rees, G. (2007). Neural correlates of the contents of visual awareness in humans. 

Philosophical Transactions of the Royal Society of London. Series B, Biological 

Sciences, 362(1481), 877–86.  

Smallwood, J., Beach, E., Schooler, J. W., & Handy, T. C. (2008). Going AWOL in the 

brain: mind wandering reduces cortical analysis of external events. Journal of Cognitive 

Neuroscience, 20(3), 458–69.  

Stokes, M. G., Kusunoki, M., Sigala, N., Nili, H., Gaffan, D., & Duncan, J. (2013). Dynamic 

coding for cognitive control in prefrontal cortex. Neuron, 78(2), 364–75.  

Summerfield, C., & Egner, T. (2009). Expectation (and attention) in visual cognition. Trends 

in Cognitive Sciences, 13(9), 403–9.  

Tse, P. U., Martinez-Conde, S., Schlegel, A. A., & Macknik, S. L. (2005). Visibility, visual 

awareness, and visual masking of simple unattended targets are confined to areas in the 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


44 

occipital cortex beyond human V1/V2. Proceedings of the National Academy of 

Sciences of the United States of America, 102(47), 17178–83.  

Tsuchiya, N., Wilke, M., Frässle, S., & Lamme, V. A. F. (2015). No-Report Paradigms: 

Extracting the True Neural Correlates of Consciousness. Trends in Cognitive Sciences, 

19(12), 757–70.  

Tsushima, Y., Sasaki, Y., & Watanabe, T. (2006). Greater disruption due to failure of 

inhibitory control on an ambiguous distractor. Science (New York, N.Y.), 314(5806), 

1786–8.  

Tsushima, Y., Seitz, A. R., & Watanabe, T. (2008). Task-irrelevant learning occurs only 

when the irrelevant feature is weak. Current Biology : CB, 18(12), R516–7.  

Watanabe, T., Náñez, J. E., & Sasaki, Y. (2001). Perceptual learning without perception. 

Nature, 413(6858), 844–8.  

Zhou, F. A., & Davis, G. (2012). Unconscious priming of task sets: the role of spatial 

attention. Attention, Perception & Psychophysics, 74(1), 105–14.  

 

 

 

 

 

 

 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


46 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410


49 

 

 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 30, 2016. ; https://doi.org/10.1101/097410doi: bioRxiv preprint 

https://doi.org/10.1101/097410

