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EXPLORING THE NEURAL CORRELATES OF AUDITORY AWARENESS1 

 

Billy Gerdfeldter 

 

 

Neural correlates of consciousness (NCCs) represent the physiological 

processes related to consciousness and awareness. Consciousness is theorized 

as a recurrent process of integration between separate but specialized brain 

areas. Previous research has used electroencephalography (EEG) to locate 

NCCs of sensory awareness in vision through event-related potentials 

(ERPs). Two ERP components thought to represent visual awareness are the 

visual awareness negativity (VAN) and late positivity (LP). VAN and LP 

have been extensively studied, yet little research has been conducted in other 

sensory modalities. In this study, the presence of an auditory awareness 

negativity (AAN) and associated LP is investigated in 23 subjects using EEG. 

To avoid false positives in data analysis, two research hypotheses were 

preregistered. The results indicate that auditory LP does occur, but that AAN 

does not, in hypothesized intervals. However, the data suggest that AAN may 

occur at a later interval. Possible attributes of the later interval are discussed. 

In sum, the data provide results consistent with recurrent theories of sensory 

awareness. 

 

 

A classic philosophical debate concerns the nature of human consciousness. Is the human mind 

(read: conscious awareness) a disconnected entity from the physical body or is consciousness 

only a product of human physiology? This mind-body problem (Mormann & Koch, 2007) has 

led to theories of subjective experience that cannot be verified by neural attributes (Qualia; 

Dennett, 1991), countered by theories of materialism claiming that mental states can be 

explained through physical properties (Churchland, 1984; Searle, 2004). The accessible 

approach to understanding the intricacies of consciousness would be to acknowledge that a lack 

of current knowledge hinders our understanding of consciousness, and that this explanatory gap 

between neuroscience and phenomenality (Lamme, 2010; Levine, 1983) is a path for scientific 

exploration. 

 

To understand consciousness, scientists have searched for the neural correlates of 

consciousness (NCC). NCCs can be defined as the search for, and study of, the neural bases of 

consciousness (Mormann & Koch, 2007). NCCs herein are treated as neural correlates of 

phenomenal/access consciousness, not level of consciousness such as being awake/asleep 

(Mormann & Koch, 2007; Rees, Kreiman & Koch, 2002). Phenomenal consciousness refers to 

subjective experience, how it ‘feels’ to be conscious. Access consciousness refers to the 

conscious ability to apply reason and logic in guiding actions (Block, 1995). The search for 

NCCs takes on a minimalist approach, attempting to discover the neuronal mechanisms that 

generate conscious perception. This implies that every subjective conscious state of mind 

should have a corresponding neural basis. Because neurons are physical objects, and therefore 

susceptible to physical change, physical alteration to neurons should affect related conscious 

percepts. NCCs can thus be believed to solidify thoughts in the material realm, yet 

experimenters seek only correlation and remain neutral in suggesting any causality (Aru, 

Bachmann, Singer & Melloni, 2012; Mormann & Koch, 2007; Rees et al., 2002). 

                                                           
1 I want to thank Stefan Wiens and Rasmus Eklund for their mentorship. 
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To disentangle consciousness from concurrent brain processes, a method of contrastive analysis 

is widely employed (Aru et al., 2012). This method employs consciousness as the dependent 

variable, keeping the stimulus constant. In essence, a stimulus can be evoked at a threshold 

level of conscious perception where some of the stimuli are intended to not be consciously 

perceived. When subtracting the results of the trials that are not perceived (and thus processes 

unrelated to conscious awareness) from the trials that are consciously perceived, the net result 

should be a measure of consciousness. This method is made possible since perceptions at 

threshold levels of awareness fluctuate over time, allowing for a constant stimulus level (Aru 

et al., 2012; Stanislaw & Todorov, 1999). A problem that arises with contrastive analysis is that 

this fluctuation may work systematically as a function of pre-stimulus brain wave oscillations 

which may bias conscious perception. This pre-stimulus effect, or NCC-pr, can have multiple 

causes (attention, decision bias etc.) and is important to separate from the NCC proper (Aru et 

al., 2012). To illustrate an NCC-pr of decision bias, research has found pre-stimulus oscillations 

in occipital areas after repeated trials in a visual experiment, resulting in neural activation of a  

‘predicted template’ biased toward seeing the stimulus (Wyart & Tallon-Baudry, 2009). 

Likewise, when the NCC is active, it may itself consequently trigger other processes unrelated 

to, but overlapping the NCC. These processes, or NCC-co, would then remain as contaminants 

in the net result since they would not arise in the trials that were not consciously perceived. An 

example of NCC-co is introspective reflection of a stimulus after hearing it. This introspection 

is caused by being aware of the stimulus, but is ultimately unrelated to the essential components 

of consciousness that triggered it. The NCC-co may be caused by performance or confidence, 

and should preferably be controlled for (Aru et al., 2012; Salti, Bar-Haim & Lamy, 2012). 

 

The problem of disentangling NCC from NCC-pr and NCC-co can be nuanced with the 

neuronal workspace theory of consciousness (Baars, 2005; Mormann & Koch, 2007; Sergent 

& Dehaene, 2004) and recurrent processing theory (Lamme, 2010; Mormann & Koch, 2007). 

Global workspace theory of consciousness within a neuronal framework posits that 

consciousness arises as a function of integration between distinctively specialized brain areas. 

Sensory information must be relayed and integrated with other cortical areas, mainly prefrontal 

and parietal areas. This process has been shown by wider brain activity during conscious 

awareness, as well as lack of forwarding of sensory information from sensory cortices to higher 

cognitive areas during states of unconsciousness (Baars, 2005; Sergent & Dehaene, 2004). 

Thus, NCCs (and consciousness) are not apparent as a function of simply sensory cortices, but 

appear to arise as an integration of different features within sensory, prefrontal, and parietal 

cortical areas (Rees et al., 2002). Consciousness is thought to be limited however, as sensory 

inputs compete for limited cognitive resources. This can be shown through the reintegration of 

sensory information to sensory cortices. External sensory stimuli are forwarded from sensory 

cortices to fronto-parietal areas and then reintegrated to sensory cortices internally. This 

reintegration allows the same stimulus to remain in memory without needing to be constantly 

experienced. When new external sensory stimuli are encountered, these new stimuli must 

compete with the internal (reintegrated) stimuli for available cognitive resources. The prefrontal 

and parietal areas reinforce the stimulus deemed most salient, which then becomes available in 

consciousness (Lamme, 2010). 

 

Recurrent processing theory describes the forwarding and reintegration of sensory input. The 

theory is divided into two functions, the feedforward sweep and recurrent processing (Lamme, 

2010; Lamme & Roelfsema, 2000; Mormann & Koch, 2007). The entire process can be divided 

into four stages (Lamme, 2010) of increasing availability in consciousness. Stage 1 represents 

the forwarding of unattended sensory information from sensory cortices, while stage 2 

represents the forwarding of sensory information that is being attended to, and therefore elicits 



4 
 

stronger activation due to salience. Stage 3 embodies recurrent processing (reintegration) to 

unattended stimuli, giving shallow phenomenal responses of adherent properties (akin to 

peripheral vision). Stage 4 represents recurrent processing to attended stimuli, which results in 

an integrated level of access to conscious reflection. There is no doubt that consciousness exists 

within the phasic process of recurrent processing theory, but the question remains as to wherein 

it begins to manifest, as this would theoretically represent the related NCC of the given percept. 

Neurally, stage 3 and 4 represent the same process which supposedly grants access to conscious 

awareness (Lamme, 2010), with the only difference of stage 4 being reinforced with more 

interconnected neurons. This difference may represent the confounding oscillatory process 

related to NCC-pr in contrastive analysis; i.e., all stimuli may be processed beyond sensory 

reception to  phenomenality (stage 3), but not all enter conscious awareness in working memory 

(stage 4). It is however important to recognize that stage 4 in itself may represent the boundary 

of attention and not consciousness, and as such acts as a NCC-co, implying that the NCC would 

occur within stage 3 (Koivisto & Revonsuo, 2010; Lamme, 2010). 

 

Studying neural correlates of consciousness 

Studies of NCCs are commonly conducted with the use of electroencephalography (EEG), a 

noninvasive method that measures the physioelectrical oscillations of the brain through 

synchronized neuronal activity (measured in µV) via electrodes administered to the scalp 

(Koivisto & Revonsuo, 2010; Rees et al., 2002). These oscillations are typically measured 

simultaneously with experimental stimuli and then averaged across trials, resulting in an event-

related potential (ERP) wave for the given condition. ERP-wave constituents are identified by 

their polarity and relative or absolute position in temporal space (N1 signifies the first negative 

peak, P2 the second positive peak, N200 the negative peak ~200 ms etc.; Luck, 2014). EEG has 

high temporal resolution, and given locations of peaks within the waveform can give general 

information as to what neural processes are active. Research has recognized that ~100 ms post-

stimulus generally reflects sensory response, followed chronologically by ascending cognitive 

function (Luck, 2014). 

 

Using EEG, researchers have discovered promising candidate NCCs related to vision, resulting 

in ERPs suggesting several points of interest. Using contrastive analysis in several different 

paradigms, visual stimuli entering conscious awareness present consistent results of a negativity 

appearing ~200 – 300 ms (N200) over posterior temporal and occipital areas, followed by a 

positivity ~350 – 550 ms (P3) over a larger area usually peaking over parietal areas. These two 

points are shown in Figure 1, and are called visual awareness negativity (VAN) and late 

positivity (LP) respectively (Eklund & Wiens, 2018; Koivisto & Grassini, 2016; Koivisto & 

Revonsuo, 2010; Lamy, Salti & Bar-Haim, 2009; Salti et al., 2012). Since VAN and LP are 

temporally and spatially distinct, the question is raised if either, or both, components represent 

the NCC of vision, as they are theorized to represent the process of forwarding sensory 

information to conscious awareness. In adherence to the conflict between stage 3 and 4 of 

recurrent processing, a disentanglement must be made as to if VAN represents a NCC-pr, or if 

LP represents a NCC-co. In a comprehensive review of the subject, Koivisto & Revonsuo 

(2010; see also Eklund & Wiens, 2018; Koivisto & Grassini, 2016) found VAN to be the neural 

correlate of visual awareness, stating that LP follows VAN and represents higher cognitive 

function and subjective experience. Lamy, Salti & Bar-Haim (2009; see also Salti et al., 2012) 

on the other hand, claim that LP is the NCC, while VAN is not. A division within theories of 
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where conscious awareness occurs within 

recurrent processing make it difficult to 

say whether the proposed VAN or LP 

truly represent the NCC of vision. 

 

Despite the extensive research in 

discovering the NCC of vision, sparse 

attention has been given other sensory 

modalities. Audition is a prime candidate 

for researching the same ERP candidates 

as visual NCCs. Apart from being one of 

the main senses, vision and audition share 

the use of a global fronto-parietal network 

for access in consciousness (Fritz, Elhilali, David & Shamma, 2007; Joos, Gilles, Van de 

Heyning, De Ridder & Vanneste, 2014; Shomstein & Yantis, 2004). Recurrent processing 

within audition occurs within fronto-temporal areas, with feed-forward sweeps from auditory 

cortices to higher brain areas, and recurrent processing from frontal and superior temporal areas 

directing (reintegrating) attention toward salient stimuli (Joos et al., 2014). Among others, a 

~100 – 200 ms negativity and a ~300 ms positivity have also been found in ERPs associated 

with auditory attention (Fritz et al., 2007; Joos et al., 2014). An exploratory study into audition 

using contrastive analysis may find out if an auditory awareness negativity (AAN) exists, as 

well as if it has an associated LP. The current research question is thus: Is there an ERP 

equivalent in audition as in vision, correlated with awareness? 

 

Two hypotheses were made: First, that a contrastive analysis of aware minus unaware trials in 

auditory awareness will yield a negative (<0) amplitude difference in the N1/N2 range; referred 

to as AAN. Secondly, that a contrastive analysis of aware minus unaware trials in auditory 

awareness will yield a positive (>0) amplitude difference in the 350 – 550 ms range. These 

hypotheses were preregistered in order to avoid cherry-picking time frames after collecting data 

(Luck & Gaspelin, 2017). If the hypotheses are correct, more evidence will point toward the 

existence of N200 and P3 as NCCs of sensory awareness. It will also provide more evidence 

for recurrent processing theory in audition. Should the hypotheses be incorrect, it would suggest 

that ERPs related to sensory awareness may differ in their spatial or temporal appearance. For 

preregistered hypotheses, data analysis, and exclusion criteria, see https://osf.io/gejfs/. 

 

 

Method 

 

Subjects  

Twenty-three subjects were included in the study (age range: 20 – 34, mean age: 25.63, sd: 

4.43; 11 male; 22 right-handed). Subjects were psychology students at Stockholm University 

and non-student volunteers recruited through online billboards. The subjects were self-

reportedly healthy, with normal hearing and vision, and each subject gave informed written 

consent in accordance to the Declaration of Helsinki prior to participating in the experiment. 

The students received a choice of course credit or a movie ticket voucher as compensation for 

participation, while non-students received a movie ticket voucher. The study initially contained 

25 subjects, but two were omitted due to meeting preregistered exclusion criteria, one exceeding 

the desired age range (18 – 40, such heterogeneity can affect ERP results and cause an outlier; 

Picton et al., 2000), the other for not meeting satisfactory requirements of acquiring >70% 

awareness on control trials. 

Figure 1. ERP-wave showing different ERP components 

(left). ERP-wave depicting VAN & LP (right). (Notice 

inverse polarity) Taken from Koivisto & Revonsuo 

(2010). 
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Apparatus and Stimuli 

The stimulus presented in the task was a sinusoidal tone (100 ms; 1000 Hz) delivered through 

in-ear headphones. A black fixation cross (0.5°) was displayed on a 24” computer monitor. 

 

Procedure 

Subjects were seated in front of the monitor screen with in-ear headphones and were asked to 

focus on a fixation cross on the screen for the duration of every trial (to reduce eye movements, 

which cause noise in the form of artifacts in EEG recording). Each trial consisted of a pre-

calibrated tone at their individual threshold of auditory awareness (see later paragraph for 

calibration process). Each trial had a duration of 1000 ms with a tone onset delay of 500 ms to 

reduce likelihood of EEG artifacts interfering with the trial, and tone duration of 100 ms. These 

critical trials were randomly mixed with control trials and catch trials. Control trials contained 

a stimulus 10 dB louder than critical trials. Catch trials contained no tone. The experiment 

contained 800 trials in total, split over eight blocks of 100 trials each (80 critical, 10 control, 

and 10 catch), for a total of 640 critical trials. The randomization of trials was on a 10-trial 

basis; every 10 trials contained 8 critical, 1 control, and 1 catch trial. The subjects were allowed 

a short break between each block, while remaining seated. 

 

The subjects were asked to respond to how they perceived each trial with a choice of three 

responses: "I did not hear the tone", "I heard the tone weakly", or "I heard the tone clearly". 

These responses were delivered through the keys '1', '2', and '3' respectively, on a qwerty-

keyboard. The responses were non-speeded, and the experimenter emphasized that the subject's 

honest experience was important; there were no right or wrong answers. Pragmatically, the two 

degrees of confidence in reporting awareness (i.e., heard weakly or clearly) were used to reduce 

the response bias of the subject, even though the data analysis did not discriminate between the 

two in the current experimental paradigm. To clarify, if the subject has a dichotomous choice 

of ‘heard’ or ‘did not hear’, a stimulus on the threshold of hearing can be hard to interpret. If 

the subject thinks they heard the stimulus but is unsure, a response alternative that can act as 

middle ground can help them communicate that fact instead of forcing the subject to conform 

to a response that may be inaccurate (Stanislaw & Todorov, 1999).  

 

Before the calibration process, subjects were allowed a short practice session to familiarize 

themselves with the experiment. This practice session resembled an experimental block, albeit 

with clearly audible stimuli. To calibrate the tone intensity to each subject’s awareness level, a 

staircase procedure was employed prior to the experimental trials. The staircase model 

interleaved three different staircases, set to commence with one staircase at an estimated 

appropriate sound level with another set 20 dB louder and the third 20 dB softer (base sound 

level ascertained through piloting, without a specific reference level). The procedure consisted 

of 108 trials alternating between staircases (36 per staircase), and 12 randomly inserted catch 

trials (for a total of 120 trials in the procedure). In each staircase trial, the subject reported either 

hearing the tone or not, using the same input method as in the experiment; 'heard tone weakly' 

& 'heard tone clearly' were treated as aware. If the subject reported hearing the current staircase, 

the sound level decreased, and if the current staircase was reported as not heard, the sound level 

increased. These changes in volume, starting with the first trial of each staircase, gradually 

decreased in magnitude as follows: +/- 8, 8, 4, 4, 2, 2, 1 dB (the remainder of the trials all shifted 

by +/-1 dB). Upon completion of the staircase procedure, the three staircases converged to an 

averaged sound level (using the 6 final reversals of each staircase to compute the average). This 

calibrated sound level was then put through a validation task, where the subject performed a 

mock version of an experiment block. If the validation task resulted in 45 – 55% of correctly 

heard critical trials the experiment began, if not, the validation phase was redone at an 
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appropriately and slightly shifted volume 

until the validation task is successful. If the 

subject failed to accurately validate within 

five attempts, the experimenter estimated the 

subject's threshold and began the 

experiment.  

 

The experimental and calibration procedures 

were both programmed using PsychoPy 

(www.psychopy.org). The experiment and 

calibration procedures were run using 

Windows Powershell (www.microsoft.com). 

 

EEG recording & Data Analysis 

EEG data were recorded using a 64-

electrode EEG cap through pin electrodes 

placed according to the standard 10-20 

system. Eight electrodes were used to collect 

data: six pin electrodes located at Fpz, Fz, 

Cz, Pz, P9, and P10, as well as two flat electrodes attached with adhesive disks placed on the 

nose tip and right cheekbone (see Figure 2). Two additional system-specific electrodes: the 

CMS and DRL electrodes, were also utilized to serve as an internal reference electrode and 

ground electrode, respectively. Due to the lack of access to the mastoids with an EEG cap, the 

positions of P9 & P10 were used for convenience. The six pin electrodes were referenced to the 

nose tip electrode, while Fpz was additionally referenced to the cheekbone electrode. The nose 

and cheekbone electrode thus served to monitor and identify EEG artifacts related to eye 

movements and blinking. Since the sensory auditory cortices are located within the upper areas 

of the temporal lobes and the superior temporal gyrus, their activity is picked up with EEG in 

the fronto-central area of the scalp (Fz & Cz). 

 

Data were recorded using an ActiveTwo BioSemi system (BioSemi, Amsterdam, Netherlands), 

sampled at 1024 Hz and filtered with a hardware low-pass filter (104 Hz), and a software high-

pass filter (0.1 Hz). Epochs were extracted from every trial at 100 ms pre-stimulus to 600 ms 

post-stimulus, with a corrected baseline derived from the mean amplitude of the 100 ms pre-

stimulus interval. Amplitude ranges for each epoch were then visually inspected (blind to epoch 

trial condition), to exclude obvious outliers (contaminated by artifacts). 

 

Event-related Potentials 

Three ERP waveforms were extracted from the data: aware, unaware, and control. Catch trials 

were omitted from data calculation, used solely as a countermeasure to expectancy effects in 

the trials. The aware ERP represents a calculated mean of critical trials that the subject correctly 

reported to have heard, while the unaware ERP represents the mean of critical trials that the 

subject reported not to have heard. The difference wave was then calculated using contrastive 

analysis; ERPaware - ERPunaware. The control ERP was calculated as a mean of correctly heard 

control trials. The grand mean of the control ERPs from all subjects was then used to estimate 

the predicted location of AAN. To find this location, the peak closest to N200 on the control 

ERP was located, and a +/-50 ms interval around that peak was established. Sharing the same 

fronto-parietal attentional system as vision, the LP of audition was predicted to exist in a similar 

interval, between 350 – 550 ms. Mean amplitudes were computed for the hypothesized AAN 

across Fz and Cz electrodes, and the LP at the Pz electrode. 

Figure 2. Topography of 10-20 electrode placement 

(seen from above; nose at top). Green circles 

indicate electrodes used in the experiment.  
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To test the experimental hypotheses, Bayesian hypothesis testing was employed with the Bayes 

Factor (BF). The BF is typically used to compare which of two hypotheses explain the data 

better: the null hypothesis or the alternative hypothesis (Wagenmakers et al., 2018). The grand 

means of the difference wave ERPs were inspected to determine the BF of mean amplitudes at 

the target intervals using a Bayesian One-sample t-test. The alternative hypothesis was modeled 

as a uniform distribution with +/-2 µ limits, implying an uninformed prior of the true value. BF 

cutoffs were determined if B10 > 3, or < 1/3; this cutoff limit implies adequately credible 

believability to the hypothesis, given the data. 

 

Behavioral data were processed and calculated using 'R', an open-source statistical computing 

software (https://www.r-project.org/). EEG data and ERP calculations were processed using 

MATLAB (https://www.mathworks.com/). Bayesian analysis was computed using Aladin’s R 

scripts (Wiens, 2017). 

 

 

Results 

 

Behavioral  

Table 1 shows the descriptive statistics of subjects’ responses in the experiment, depicting the 

mean, standard deviation, and 95% confidence interval of responses rated aware (heard tone) 

or unaware (unheard tone) on critical experimental trials, as well as responses rated aware 

(heard tone) on control trials. A mean of 74 (92.5%) control trials indicates that subjects were 

correctly performing the experiment. 

 

Table 1. Descriptive statistics of responses in experimental trials (N = 23) 

 

ERPs 

The interval hypothesized to contain AAN was calculated by the point in time of the greatest 

peak of negative amplitude in the ~N200 region as derived from the grand-averaged control 

ERP +/-50 ms. This peak was found at 144 ms, resulting in a hypothesized range of AAN 

between 94 – 194 ms (see Figure 3).  

 

As shown in Table 1, critical trials rated aware reached an average of 46.72% (299.04/640), 

and critical trials rated unaware had an average of 45.78% (293/640). These percentages are 

within suitable range for contrastive analysis. The combined average of responses from all 

critical trials used to calculate ERPs is thus 92.51% (592.04/640), showing high retention of 

data. This means that ~7.5% of trials were omitted due to exclusion criteria (excessive EEG 

artifacts or extreme outliers). 

 

Auditory Awareness Negativity 

Figure 3 (left) shows a visual representation of ERP grand means in different conditions. Table 

2 includes descriptive and inferential data pertaining to AAN (averaged across the AAN 

interval). The Bayes Factor (BF10=0.32) supports the null hypothesis of no AAN.  

 

 

 

Response Mean SD 95% CI 

Critical: Aware 299.04 85.87 [263.95, 334.14] 

Critical: Unaware 293 81.11 [259.85, 326.15] 

Control: Aware 74 5.18 [71.88, 76.12] 

https://www.r-project.org/
https://www.mathworks.com/
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Late Positivity 

Figure 3 (right) shows a visual representation of ERP grand means in different conditions. Table 

2 includes descriptive and inferential data pertaining to LP (averaged across the LP interval). 

The Bayes Factor (BF10=81397.41) strongly supports the alternative hypothesis of LP occurring 

in audition. The 95% CI of LP suggests its true value occurring with the range of 1.91 µV to 

3.14 µV. 

 

Table 2. Descriptive and inferential statistics of difference wave ERPs (N = 23) 

 

 

 

 

Discussion 

 

The study investigated the existence of an auditory awareness negativity and/or late positivity 

within brain event-related potentials. The main results of the study showed a BF10 = 0.32 for 

AAN existing within the range of 94 – 194 ms, and a BF10 = 81397.41 for LP within the range 

of 350 – 550 ms.  

 

These results motivate the notion that LP occurs in auditory awareness, in agreement with 

research conducted in vision. The BF of >80000 provides very strong evidence for the 

alternative hypothesis (presence of LP) compared to the null hypothesis (absence of LP). 

Although the research hypothesis was restricted to a prediction of LP >0 µ, the data suggest 

that the true value of LP is at least 1.91 µV. The fronto-parietal network used in visual 

awareness has been found to also be active in auditory awareness, allowing for the prediction 

of the occurrence of auditory LP to be made. The current results provide evidence for that 

prediction.  

 

ERP-condition Mean (µV) SD 95% CI BF10 

AAN -0.27  0.94 [-0.66, 0.12] 0.32 

LP 2.53 1.5 [1.91, 3.14] 81397.41 

Figure 3. ERP grand means for AAN (left) and LP (right). AAN ERPs from fronto-central electrodes 

(Fz, Cz). LP ERPs from parietal electrode (Pz). Hypothesized intervals are marked by dashed lines.  
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The AAN proved more elusive however, and the hypothesis of its occurrence was shown to be 

unlikely, given the collected data. A BF of 0.32 supports the null hypothesis, and suggests that 

AAN does not occur. Upon inspection of the data however (see Figure 3), the empirical data 

suggest that AAN in fact does occur, albeit at a later interval.  

 

To investigate if AAN existed within a different interval, a post-analysis one-sample t-test was 

conducted on a shifted interval of the AAN. This analysis was conducted in an attempt to 

discover its range (95% confidence interval). Using the same process as with the control-ERP 

in the data analysis, the apex peak of ~N200 in the ERPaware-unaware was identified (192 ms) and 

a +/- 50 ms interval was applied (142 ms – 242 ms). The result of the post-analysis t-test gave 

a 95% CI of [-1.05, -0.13] (t(22) = -2.65,  p = 0.015), suggesting that AAN exists within the 

range of -1.05 µV to -0.13 µV. Further data and theory would be required to make a definitive 

assessment of the prescence of AAN. 

 

A reason why the study failed to discover definitive evidence of AAN may be due to the 

development of its predicted time frame. This decision was in part due to shorter cortical 

pathways in auditory processing compared to visual processing. This shorter auditory pathway 

was considered to be able to affect the time required for cortical activation, and thereby 

established intervals of VAN were considered a possible confound to AAN.  The auditory 

cortices are located within the temporal lobe, while the visual cortices are located in the 

occipital lobes and thus visual signals have to travel farther for the feedforward sweep and 

recurrent processing involved. Without any theoretically established data to glean knowledge 

from, the control-stimulus trials were implied to contain all processes related to sensory 

awareness and as such provide a proposed position of AAN. Why this was not the case can be 

confounded in a myriad of ways. For example, any amount of NCC-prs may be active in a more 

subjectively salient signal. This could imply that a louder sound may elicit different responses 

than a softer sound. Perhaps a louder stimulus initiated a larger population of neurons (Koivisto 

& Grassini, 2016) which caused confounding noise. Expectancy effects (Fritz et al., 2007; Joos 

et al., 2014; Martikainen, Kaneko & Hari, 2005) may also cause biasing as to whether the 

subject hears the response or not. The attentional bias of expecting a sound can cause an 

unexpected sound to alter the N1 ERP-wave. The stimuli in the experiment were identical 

except the control trials which were louder in volume. The control trials occurred randomly 

within experimental blocks, and the change in volume might represent a violation of expected 

stimuli. Thus the change in volume may have triggered a sudden attentional response in the 

brain which alters the N1 ERP-wave as a function of auditory change detection (mismatch 

negativity; Joos et al., 2014). The practice and calibration procedures occurred chronologically 

before the experiment where sounds were typically experienced at a louder volume, therefore 

these procedures may have set the baseline for expectancy of sounds. Softer volume of the 

threshold-calibrated critical trials may have interfered with expectancy of louder volumes and 

thus manifested as different temporal N1 ERP-waves (or vice versa if critical trials subsequently 

became the baseline). Control trials as a basis for a predicted interval of AAN may therefore 

have been inaccurate due to expectancy violations. A better approach may have been to use a 

consistent volume in all trials in ascertaining the AAN-interval. Further data and theory are 

needed before making any conclusions about the discrepancy between control-ERPs and AAN. 

 

Given the assumption that AAN does exist at some interval, these results add to the theories of 

recurrent processing intertwining with neural correlates of conscious awareness. The 

feedforwarding of attended auditory stimuli occurs in the period of N100-200 as represented 

by synchronized neuronal activity in temporal areas (auditory cortices), and recurrent 

processing of attentional awareness at P300-500 over parietal areas (global workspace) in 
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reaction to stimuli. Important to note is that the experiment asked subjects to listen attentively, 

which may imply that the found LP represents attention after conscious experience, thus 

confounding consciousness with a NCC-co. The feedforwarding of sensory stimuli needs the 

attentional direction of salience however, which may affect sensory interpretation of the stimuli 

due to expectancy. This creates a dynamic relationship that hinders disentanglement of the true 

NCC. For the study of consciousness, the results indicate a common basis of neural integration 

in sensory awareness among sensory modalities, since recurrent processing theory has been 

conceptualized around vision (Lamme, 2010). It is difficult to appraise where sensory reception 

ends and conscious awareness begins however. It is understood that this is a dynamic process 

but the constituent properties are difficult to accurately pin-point. The scientific debate wherein 

consciousness manifests within VAN-LP is still present, and AAN-LP will most likely be no 

less difficult to disentangle. 

 

The study was conceptualized to search for the existence of AAN and not its specific properties, 

therefore experimental simplicity was adopted, and any rigorous control for confidence (Eklund 

& Wiens, 2018; Koivisto & Grassini, 2016; Lamy et al., 2009; Salti et al., 2012) was avoided. 

This limitation makes it impossible to distinguish AAN/VAN or LP as a true sensory NCC 

within contemporary theory, but in contrast, the study helps reinforce the ocurrence of both 

candidate components. Confidence can be measured by requesting both forced objective 

responses to a threshold-calibrated stimulus, and subjective responses of how confident the 

subject is in their choice. A correct response that the subject is unsure of is interpreted as a 

subconscious processing of the stimulus. This adds another dimension to the paradigm that the 

current study lacks, where control for subconscious processes can be found; contrastive analysis 

is conducted between correct responses that are subjectively aware and subjectively unaware. 

The result should represent a more detailed picture of conscious awareness without 

subconscious processing. The subject of controlling for confidence in the search of auditory 

awareness merits further study, and is a suggested avenue for future research. 

 

A second limitation of the study is the lack of spatial resolution offered by EEG, and the internal 

location of the auditory cortices. EEG is utilized in this study to replicate experimental 

paradigms from studies in vision, but its non-invasive nature is suitable for scalp measurements. 

The auditory cortices are therefore measured using inference from EEG dipoles at fronto-central 

areas rather than temporal areas. This inferential method combined with the fundamental lack 

of spatial precision in EEG makes it difficult to ascertain the precise locations of the brain that 

are activated in the experiment. Likewise, the present study derived measurements primarily 

from three central electrodes, which excludes any information of lateral differences in brain 

activity. It could be argued that the experimental procedure presented binaural sound, making 

lateralization superfluous, but phenomena such as auditory attentional shifting (Corbetta & 

Shulman, 2002) and hallucinatory stimuli (Halpern & Zatorre, 1999) are known to be mediated 

by right hemispheric activity. Auditory processing has been researched and mapped (Joos et 

al., 2014), but using a larger number of bilateral electrodes and/or methods of better spatial 

resolution such as fMRI may give further insight into the specific processes of AAN. 

 

In summary, the study in auditory awareness yielded data suggesting that an auditory awareness 

negativity may exist, although not in the predicted time frame, and that a late positivity occurs 

in response to auditory stimuli. The study was inspired by research in visual awareness, 

attempting to find similar correlates of conscious awareness in audition. The present study 

reinforces the notion that N200 and P3 are candidates for the neural correlates of sensory 

awareness, but does not bring any new insight into disambiguating which component represents 

the earliest stage of conscious awareness. 
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