
Study Title:   EEG Correlates of Consciousness  

 

Principal Investigator Name: Quinlan Mewborne, Christina Nielsen  

  

Faculty Mentor Name (if applicable): Jessica Green 

   

A. SPECIFIC AIMS  

The overarching goal of this study is to better understand differences in how the brain processes 

the same information when it is consciously perceived compared to when we are unaware of it. 

Previous research in this area has focused on conscious awareness of simple shapes (Goodhew, 

Pratt, 2013) or complex objects like faces or houses (Gross & Holmes, 1984). Here, we aim to 

understand how the emotional expressions of faces modulates our conscious awareness of them 

and the neural signatures of their processing. Additionally, we will investigate how symptoms of 

depression and anxiety correlate with individual differences in electroencephalogram (EEG) 

markers of conscious processing. Examining how the brain functions when presented with 

stimuli of varying perceivability is critical to uncovering the differences between 

unconsciousness and conscious awareness, and the context of emotion processing will provide a 

greater understanding of how mood and anxiety disorders may influence what we perceive in our 

environment. By studying visual processing of facial stimuli in the absence of awareness, we 

anticipate gaining a greater understanding of the nature of consciousness and the underlying 

neural differences in depression and anxiety.  

B. BACKGROUND AND SIGNIFICANCE 

Although we think of our “thought” as only what we are consciously aware of, the brain has 

constant activity that does not meet the threshold for us to become consciously aware of it. We 

are the near-constant recipients of visual information and yet only portions of that information 

will reach the threshold for conscious awareness. In recent years, more attention has been given 

to examining the roots of conscious awareness and how the brain determines which stimuli are 

worthy of reaching this threshold. Previous research using EEG has found that one factor 

influencing conscious detection is the phase of the alpha rhythm in posterior brain regions 

(Mathewson et al., 2009). When images were presented at the low point of a subject’s alpha 

wave, they were less likely to detect it. This supports the theory that the determinates of 

conscious awareness are within the brain and can thus be examined used EEG methods.  

We ourselves are unaware of influences that occur outside of our awareness, but studies have 

shown that biases exist in the brain’s choice of images to focus on (Harris, et al, 2018). Smokers, 

for instance, are more likely have their attention captured by smoking-related images, even when 

the given stimulus does not meet threshold for conscious awareness. According to 

neurocognitive theories and studies, participants with depression tend to have a conscious bias 

toward negative emotional stimuli and emotional processing deficits (Yang, et al., 2011). 



However, there is inconsistent data on whether unconscious deficits in emotion processing are 

present in participants with major depressive disorder (MDD) (Yang, et al., 2011). Automatic 

processing biases may influence conscious focus of visual sensory information in healthy and 

depressed persons. One study found that depressive perception may be influenced by these 

automatic processing biases which may contribute to depressive moods and negative cognitive 

biases (Sterzer, et al, 2011). Although another study found that healthy individuals showed an 

unconscious preference for negative emotional stimuli while this was absent in patients with 

MDD, leading to the assumption of an underlying difference in unconscious visual processing 

between groups (Yang et al., 2011).  

All of this research points to the fact that the brain controls what becomes conscious stimulus 

and that it can be predisposed to act in one manner, or another based on factors such as addiction 

or other mental health disorders. This study is designed to build upon prior research by further 

assessing neurological processing of unconscious facial stimuli across participants with a range 

of depression and anxiety symptoms.  

C. PRELIMINARY STUDIES 

I have not conducted any preliminary studies pertinent to this protocol. 

  

D. RESEARCH DESIGN AND METHODS AND DATA ANALYSIS  

Location: The study will be available on SONA for students to sign up for and informal 

communication in classes and online will be used to inform students of study availability. Both 

data collection and analysis will occur at the Institute for Mind and Brain building affiliated with 

the University of South Carolina’s Psychology Department. 

Questionnaires: Each participant will complete several questionnaires before the experiment 

while the EEG cap is being fitted. Four of the surveys will address the presence of attention-

based symptoms common to Autism, Dyslexia, Attention-Deficit Disorder (ADD), and reading 

issues that are known to covary with attention. The Beck Depression Inventory-II (BDI-II), a 21-

item self-report multiple-choice inventory will be used to assess symptoms of depression based 

on the raw score scale for non-clinical settings (Jackson-Koku, 2016). The Beck Anxiety 

Inventory (BAI) questionnaire is a twenty-one item, self-report questionnaire that will assess 

participants’ level of anxiety. All questionnaires are non-diagnostic surveys that will be used to 

study individual differences in task performance and scores will not be shared with participants. 

At the end of their participation session, all participants will receive a written debriefing form 

that describes the purpose of the study and provides them with information about mental health 

resources available on campus.   

Visual Search Protocol: The following protocol was adapted from experimental procedures 

previously used to study perceptual awareness of non-emotional face stimuli (Harris et al., 2013). 

Face stimuli will be presented to participants equipped with electroencephalogram (EEG) caps 

on a computer screen following the established protocol of masked and unmasked trials and three 

target conditions (positive, negative, and neutral faces). The stimulus array consists of distractors 



and targets of the same size and shape. For every trial, the subject will be observing 15 

distractors and one target that is highlighted with four dots, one in each corner of the target 

object. The target will appear in either the top left or right or the bottom left of right spots with 

equal probability. Subjects are then asked to identify if the target in question was a positive, 

negative, or neutral face. On Unmasked trials, the four dots surrounding the target will offset at 

the same time as the face and perception of the face and its emotional expression should be 

unimpeded. On Masked trials, the four dots will remain on the screen for 500 ms following the 

face, reducing perceptual processing of the stimulus (object-substitution masking; refs). Masked 

and unmasked trials will be randomly intermixed. 

EEG Procedure: Participant’s brain activity will be recorded using EEG. The procedure for 

recording EEG involves placing an elastic cap containing up to 64 electrodes on the participant’s 

head and filling each one with a conductive saline-based gel. The signals detected by the 

electrodes are then amplified and sent to a computer via USB for storage and analysis. It 

typically takes between 20-30 minutes to place the cap on the participant’s head and prepare the 

electrodes for recording.  

Data Analyses: EEG analyses will be performed using a combination of commercial software 

(Brain Vision Analyzer) and freely available software (MATLAB-based programs: EEGLAB, 

ERPLAB, FieldTrip, SPM; sLORETA). Each program is specialized for specific portions of the 

analysis, such as creating event-related potentials (ERPLAB), analysis of data in the time-

frequency domain (EEGLAB), and source localization of ERP (sLORETA) and time-frequency 

data (FieldTrip). Analyses of behavioral data (response times, accuracy) and correlations 

between these, neural measures, and the questionnaire data will be performed using SAS or in-

house software written in MATLAB. 

 

Time Table:  

 

Project 

Month 

(2018-2019) 

 

August September October November December  

Project Task 

Submit for 

IRB approval 

X X       

Experimental 

Design and 

training 

X X X      

Recruit 

subjects 

 X X  X   

Data 

collection 

    X X X 

Analysis of 

data 

       X X 



Final report 

write-up and 

submission 

       X  X 

 

 

1. Target Population: All participants will be healthy young adults (age 18-40) who are fluent 

in English and have normal or corrected-to-normal vision and normal hearing. Selection is 

independent of gender and ethnicity. This study will include a total of 40 participants.  

 

Gender and minority inclusion: As stated earlier, no participants will be excluded based on 

gender or race/ethnicity.  Children will not be enrolled in the study.  It is expected that the gender 

and racial composition of the study sample will mirror the greater Columbia population 

composition seen in Table 1. 

  

Table 1. Racial and ethnic composition of the greater Columbia, SC area. 

  Am. 

Indian, 

Alaskan 

Native 

Asian, 

Pacific 

Islander 

Black, not 

of Hispanic 

Origin 

White, not 

of Hispanic 

Origin 

Other, 

Unknown 

Total 

Greater 

Columbia 

Area (%) 

0.3 1.5 32.5 64.7 1.0 100 

Target – 

Male (n) 

0 0 6 13 1 20 

          

Female (n)  

0 0 6 13 1 20 

  

2. Recruiting Plans: Recruitment will be performed through the psychology undergraduate 

subject pool and through advertisements on the PIs website. 

  

3. Existing Data/Samples: not applicable 

  

4. Consent/Assent: Consent will be obtained by the PI or by lab researchers (postdocs, graduate 

students, or research assistants) who have completed all required IRB training and have been 

trained by the PI. The researcher will outline the main section of the consent form for the 

participant and remind them of their right to withdraw consent at any time during the experiment. 



The participant will then be given as much time as needed to review the consent form and ask 

any questions. The process typically takes less than 10 minutes. 

  

5. Potential Risks: The risks to participants are minimal, although there is a slight risk of breach 

of confidentiality despite any steps taken to protect participants' privacy.  

All questionnaires and screening questions are framed as requiring voluntary responses only. 

Participants can choose to withdraw from the study without penalty if they do not wish to 

provide the requested information. All study data are anonymized and only contain a subject 

number. All identifying information is stored in locked cabinets that only study personnel can 

access. 

During EEG recording, participants may feel some mild discomfort from the pressure of the 

elastic electrode cap on their head or the application of the conductive gel. Some of the gel will 

also remain in the participant’s hair when the electrode cap is removed, but this gel will easily 

wash out. Standard non-invasive EEG recording techniques are used and the research assistants 

have all been trained to minimize subject discomfort. Facilities are available in the lab for 

participants to wash their hair. 

 

Participants are encouraged to reach out to the primary investigator of the study regarding any 

questions about the study itself. They are also encouraged to reach out to Lisa Johnson, the 

Assistant Director in the Office of Research Compliance, with any questions pertaining to their 

rights as a research subject. The payment for any unforeseen costs incurred will be covered by 

the account funding this study. The IRB will be notified immediately by the P.I. if any adverse 

events were to occur at any point in the study. 

 

 

6. Potential Benefits: There will be no direct benefit to people who participate in this study. 

However, the results may improve our understanding of EEG correlates of conscious awareness.  

  

7.  Confidentiality: Consent forms that contain identifying information will be housed in a 

locked filing cabinet within a locked office that only the researchers will have access to. All 

other materials (questionnaires, electronic data files, subsequent analyses) will identify 

participants only by number and will not contain any information that could identify the 

participant. 

  



All desktop computers and laptops used for data acquisition and analysis are password protected 

and only accessible to study personnel. In addition, no data contain any identifying information 

and are only labeled with subject numbers. 

  

8. Compensation: Students can receive experimental credit for participation in the study based 

on the total number of hours of participation (e.g., One hour of credit per hour of participation). 

  

9. Withdrawal: The participants are given a full description of the study and informed both 

verbally and in writing (in the consent form) that they can withdraw during the study at any time, 

without negative consequence.  

 

Research involving benign behavioral interventions in conjunction with the collection of 

information from an adult subject through verbal or written responses (including data entry) or 

audiovisual recording if the subject prospectively agrees to the intervention and information 

collection and at least one of the following criteria is met: 

A. The information obtained is recorded by the investigator in such a manner that the identity of 

the human subjects cannot readily be ascertained, directly or through identifiers linked to the 

subjects; 

B. Any disclosure of the human subjects’ responses outside the research would not reasonably 

place the subjects at risk of criminal or civil liability or be damaging to the subjects’ financial 

standing, employability, educational advancement, or reputation; or 

C. The information obtained is recorded by the investigator in such a manner that the identity of 

the human subjects can readily be ascertained, directly or through identifiers linked to the 

subjects, and an IRB conducts a limited IRB review to make the determination required by 

46.111(a)(7). 

(ii) For the purpose of this provision, benign behavioral interventions are brief in duration, 

harmless, painless, not physically invasive, not likely to have a significant adverse lasting impact 

on the subjects, and the investigator has no reason to think the subjects will find the 

interventions offensive or embarrassing. Provided all such criteria are met, examples of such 

benign behavioral interventions would include having the subjects play an online game, having 

them solve puzzles under various noise conditions, or having them decide how to allocate a 

nominal amount of received cash between themselves and someone else. 

(iii) If the research involves deceiving the subjects regarding the nature or purposes of the 

research, this exemption is not applicable unless the subject authorizes the deception through a 

prospective agreement to participate in research in circumstances in which the subject is 

informed that he or she will be unaware of or misled regarding the nature or purposes of the 

research. 
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G. APPENDIX 

BDI Questionnaire: 
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BAI Questionnaire: 



 



 

ADD Questionnaire: 



 

Autism Quotient Questionnaire: 



 



 



 

 

Revised Adult Dyslexia Checklist (RADC) 



 

Reading Survey Form 



 



 



   

 

 


