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A B S T R A C T   

Double-blinding subjects to the experiment’s purpose is an important standard in neurofeedback 
studies. However, it is difficult to provide evidence that humans are entirely unaware of certain 
information. This study used insights from consciousness studies and neurophenomenology to 
develop a contingency awareness questionnaire for neurofeedback. We assessed whether partic-
ipants had an awareness of experimental purposes to manipulate their attention and multisensory 
perception. A subset of subjects (5 out of 20) gained a degree of awareness of experimental 
purposes as evidenced by their correct guess about the purposes of the experiment to affect their 
attention and multisensory perceptions specific to their double-blinded group assignment. The 
results warrant replication before they are applied to clinical neurofeedback studies, given the 
considerable time taken to perform the questionnaire (~25 min). We discuss the strengths and 
limitations of our contingency awareness questionnaire and the growing appeal of the double- 
blinded standard in clinical neurofeedback studies.   

1. Introduction 

Reviews of neurofeedback studies generally argue that employing a “double-blind” design is an advisable experimental standard 
(Sitaram et al., 2017; Sorger et al., 2019; Thibault et al., 2016). “Double-blind” is typically defined as the subject and experimenter 
being unaware of which treatment condition or placebo-control condition the subject is allocated (Sorger et al., 2019; Thibault et al., 
2016). The importance of the double-blind design is accentuated by a recent discussion on whether double-blinded designs reveal that 
clinical neurofeedback provides no larger effect than placebo-control, i.e., “sham-neurofeedback” (Arns et al., 2009; Micoulaud- 
Franchi, 2014; Schabus, 2017; Schabus et al., 2017; Schönenberg et al., 2017; Sonuga-Barke et al., 2014; Thibault et al., 2017). An 
important question then becomes; is the double-blind even possible? Or are subjects aware of the purposes of the neurofeedback 
experiment? 

It’s been argued that sham-neurofeedback is not feasible since subjects can detect false feedback (Geladé et al., 2017; Kotchoubey 
et al., 2001; Lansbergen et al., 2011; Sitaram et al., 2017). However, the double-blind experimental standard is still regarded as 
“essential” in a recent consensus checklist aimed at improving the quality of neurofeedback studies (Ros et al., 2020). Fortunately, 
methods have been developed which employ neurofeedback implicitly, where the subject is claimed to have no awareness of 
experimental purposes when performing the neurofeedback (Birbaumer et al., 2013; Ramot et al., 2016; Shibata et al., 2011, 2019; 
Taschereau-Dumouchel et al., 2018b, 2018a; Watanabe et al., 2017) (for a theoretical and critical review of the role of awareness in 
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neurofeedback, see (Muñoz-Moldes and Cleeremans, 2020)). Implicit neurofeedback is intriguing and controversial because it runs 
counter to the first neurofeedback study, which showed a link between awareness (e.g. discrimination) of being in a certain brain state 
and control of the neurofeedback-derived brain activity (Kamiya, 1969, 2011) (replicated here: (Frederick, 2012; Frederick et al., 
2016, 2019)). Implicit neurofeedback might be advantageous in certain situations because it can be questioned whether providing an 
explicit cognitive strategy is always advisable (deCharms et al., 2005; Oblak et al., 2017; Scharnowski et al., 2012; Scheinost et al., 
2013; Sulzer et al., 2013a). Cognitive strategies have, for instance, been found to be inconsistent across subjects (Kübler et al., 2001; 
Neumann and Birbaumer, 2003), uncorrelated with neurofeedback performance (Kober et al., 2013), and remain constant despite the 
reversal of reward contingencies (Ramot et al., 2016; Siniatchkin et al., 2000). Moreover, as proponents of the implicit neurofeedback 
approach claim, learning is possible even when the subject has no explicit knowledge of the relation between the neural activity and 
the feedback (Amano et al., 2016; Ramot et al., 2016; Shibata et al., 2011). The addition of the implicit neurofeedback approach could 
thus become necessary for overcoming the criticism that explicit neurofeedback paradigms are contaminated by placebo, demand 
characteristics and other biases (Thibault et al., 2016). In short, implicit neurofeedback allows neurofeedback researchers to live up to 
the principle of clinical RCTs by providing feedback in a double-blinded manner (Taschereau-Dumouchel et al., 2018b). 

As the double-blinded procedure is a vital experimental standard, the methodology of assessing unawareness should be rigorously 
valid. However, it is difficult to establish that humans are without awareness of specific information conclusively. The common 
problem is that subjects are not always adequately incentivized to provide extensive details about their experiences (Muñoz-Moldes 
and Cleeremans, 2020; Timmermans and Cleeremans, 2015). It is thus essential to develop questionnaire methods that further 
incentivize participants’ reports of their awareness of their strategies and awareness of the experimental purposes to examine whether 
subjects remain blinded in neurofeedback studies (Ros et al., 2020). Arguably, the development of assessment methods for detecting 
awareness of experimental purposes (AoEP) in neurofeedback studies would benefit from being developed in a non-clinical population 
where subjects are not recruited due to a disorder that they are continually aware of and which the neurofeedback aims to alleviate 
(Haugg et al., 2021). Moreover, since there is a consensus that subjects can detect false feedback, then the variations in awareness of 
experimental contingencies should be assessed with an inverse neurofeedback group (Sorger et al., 2019; Thibault et al., 2016). We 
now discuss two such studies; (Ramot et al., 2016; Shibata et al., 2011), which claimed that subjects were unaware of the experiment’s 
purpose. 

In a study by Shibata et al. (2011), the subjects were shown a green feedback circle, which was linked with patterns of occipital 
cortex activity, and were told to “somehow regulate activity in the posterior part of the brain to make the solid green disc as large as 
possible” (Shibata et al., 2011). The subjects were thus not cued to use any specific cognitive strategy but could instead find their own 
way to gain control over the feedback display (Shibata et al., 2019; Watanabe et al., 2017). As reported by Shibata et al. (2011), when 
told afterwards that the experiment intended to improve the perception of line orientations, subjects could not guess the specific line 
orientation that they were trained on even though the neurofeedback was successfully improved their perception of that specific line 
orientation. In other words, their guesses were random. 

In a study by Ramot et al. (2016) the subjects were not told that they were receiving neurofeedback but were instead told that the 
experiment was meant to test their reactions to different rewarding stimuli (Ramot et al., 2016). Unbeknownst to the subjects, the 
rewarding stimuli were contingent on the ratio of brain activity between two category-selective regions, the fusiform face area 
(implicated in face-related imagery) and the parahippocampal place area (implicated in places/house-related imagery). In subsequent 
post-scan interviews, when told that the experiment was a neurofeedback study relying on activity from two areas of their brain, the 
subjects reported having no notion what was driving the feedback. When given a five-alternative forced choice where subjects were 
asked to select a cognitive function related to the reward stimuli, the subjects’ guesses were random. The subjects were allowed to 
select among the two correct options; face-related imagery and places/house-related imagery, as well as three decoy options; abstract 
visual forms, language, and body/motion-related imagery. 

Shibata et al. (2011) and Ramot et al. (2016) represent the state-of-the-art neurofeedback procedures. However, improving the 
method of assessing awareness in neurofeedback may benefit future studies. In the two studies, it is unclear how subjects were queried 
about their strategy for performing the neurofeedback. How were the particular questions precisely phrased? And what specific in-
formation was provided, and how was it presented to subjects before awareness of purposes was assessed? Moreover, the requirement 
that subjects designate the specific cognitive function which correlated with the brain activity they regulated, such as face-related 
visual processing or orientation of lines, seems challenging. Such insight into the specific cognitive functions and how they are 
distinguished from other functions seems more befitting a highly self-reflective neuroscientist than a layperson participating in a brain- 
scanning study. 

To improve methods for assessing awareness of purposes in neurofeedback studies, we suggest that insights from neuro-
phenomenology are employed, where questions fit more appropriately with the colloquial language typically employed by subjects 
(Bagdasaryan and Le Van Quyen, 2013; Micoulaud-Franchi et al., 2014; Varela, 1996). We hypothesized that residual degrees of 
awareness might be detectable if subjects’ experiences are extracted using “the elicitation interview’” method, where the experimenter 
rigorously guides the subject into an open introspective state to gather precise verbatim “conscientizable” dimensions of their expe-
riences that are otherwise hidden in “pre-reflective” experiences (Petitmengin and Lachaux, 2013; Petitmengin et al., 2013; Ver-
mersch, 2000). Our prediction was not that subjects could develop an awareness of the experimental purposes to alter a cognitive 
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process as specific as the perception of line orientations or specific face/place-related imagery presented by Shibata et al. (2011) and 
Ramot et al. (2016). Instead, we predict that if awareness measures are sensitive enough, it might be possible to detect the awareness of 
experimental purposes in neurofeedback studies aiming to train cognitive processes that humans routinely have an awareness of, such 
as their attention. 

To investigate this we developed a detailed contingency awareness questionnaire to assess subjects’ awareness of experimental 
purposes following a MEG-neurofeedback paradigm commonly used to train attention by lateralizing alpha activity (Bagherzadeh 
et al., 2020; Okazaki et al., 2015; Schneider et al., 2020a). In a companion paper (Kvamme et al., 2022), which has been published 
elsewhere, we investigated whether this type of alpha lateralization training, which has been found to increase attention to one visual 
hemifield, could also extend to influence multisensory perceptual experiences in the sound-induced flash illusion (Cecere et al., 2015; 
Lange et al., 2013, 2014; Rohe et al., 2019). We, therefore, reasoned that subjects might experience an increase in their attention 
towards the trained hemifield and that they might develop an awareness of the purposes of the experiment to affect their multisensory 
perceptions. The companion paper (Kvamme et al., 2022) describes the neurofeedback parameters, neuroimaging analysis, and 
behavioral effects on multisensory perception. The experiment is the same, but the research objectives of the two papers are different. 
In sum, many neurofeedback studies underline the necessity of the double-blinded design; however, the practice of assessing whether 
awareness of purposes developed for subjects is often neglected or underdeveloped. We developed a detailed contingency awareness 
questionnaire to improve this practice to assess whether subjects became aware of experimental purposes to bias their attention and 
multisensory experiences to one visual field following alpha lateralization neurofeedback. 

2. Materials and methods 

2.1. Subject groups 

We recruited 20 healthy volunteers (7 males) with normal or corrected-to-normal vision; participants had an average age of 26.1 ±
6.4 years). The local ethics committee approved the study in accordance with Danish Law. Subjects participating in the study were not 
incentivized monetarily based on their performance during neurofeedback. The subjects were, in a double-blinded manner, ran-
domized into two groups. The L-NFB group (n = 10) was trained to increase alpha power in the left relative to the right parietal sensors, 
whereas the R-NFB (n = 10) was trained in the opposite direction. The sample size of the present study (N = 20) was determined based 
on the expected neurofeedback effect of the companion paper (Kvamme et al., 2022) based on prior work (Bagherzadeh et al., 2020). 

2.2. Experimental design 

The MEG experiment lasted approximately 70 min and consisted of three phases. The first phase (~20 min) was a pre-test of the 
multisensory sound-induced flash illusion (SIFI) paradigm. The second phase (~25 min) was the neurofeedback training phase, fol-
lowed by the third phase (~20 min), post-testing the SIFI paradigm identical to the first phase. Immediately after the MEG scan, 
subjects were questioned regarding their strategy for and experience with performing neurofeedback (~10 min) called the “Immediate 
Post-Scan Interview”. Subjects were part of a more extensive study on multisensory integration, and they participated in several other 
experiments lasting ~ 60 min after the MEG scan. Finally, subjects performed a post-scan interview and questionnaire (~20–25 min), 
called the “One-Hour Post-Scan Interview and Questionaire” regarding their strategy for and experience with performing neuro-
feedback and their assessment of the purpose of the experiment (see Fig. 1). 

2.3. Neurofeedback data 

Real-time MEG signals were acquired in a magnetically shielded room using an Elekta Neuromag TRIUX (Stockholm, Sweden) 306- 
channel system (204 planar gradiometers, 102 magnetometers), at a sampling rate of 1 kHz. Eye movements were recorded using an 
eye-tracking device tracking gaze position at 1000 Hz (EyeLink1000, SR Research, Ontario, Canada). The rtMEG software segmented 
MEG data into 500 ms blocks (Sudre et al., 2011). To reduce the environmental magnetic noise and perform signal space separation 
(SSS), we used a custom “maxwell_filter” function written in mne-python (Gramfort et al., 2013). Estimates of alpha power (8–12 Hz) 
for each 500-ms data segment were performed using the welch method (single Hann window) taken from the parietal sensors (we 
excluded the six anterior parietal sensor triplets) (Welch, 1967). Only gradiometer sensors (20 in each hemisphere) were used because 
magnetometers are too sensitive to environmental noise (Hämäläinen et al., 1993). 

An index of alpha asymmetry index (AAI) was calculated as the log10(αIs/αCs), where αIs refers to the mean of alpha estimates from 
ipsilateral, and αCs refers to the mean of alpha estimates from contralateral parietal sensors. αIs and αCs were different for the L-NFB and 
R-NFB group (e.g., αIs was left for the L-NFB group). We computed a standardized AAI (“zAAI”) score in real-time by correcting in-
dividual differences in baseline alpha asymmetry between the two hemispheres. In the first neurofeedback, block standardization was 
performed using the mean and standard deviation of AAI scores calculated from data segments in the pre-stimulus period (500 ms 
before flash onset) from trials in the pre-test of SIFI. In the subsequent three neurofeedback blocks, standardization was performed 
using a 20 s reference recording taken before blocks. A cumulative distribution function (CDF) was used to convert the zAAI to a value 
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between 0 and 1, where values over 0.5 represented positive zAAI scores (Okazaki et al., 2015). The derived CDF value determined the 
visibility of a Gabor pattern presented to subjects. A negative zAAI score resulted in 0 % visibility, whereas a positive zAAI resulted in 
visibility from 50 % to 100 %. 

In the latter offline analyses, we used power spectral density (PSD) maps to calculate the average of trials during the last 4 s (-4 to 0 
s) with respect to the last epoch in a given neurofeedback trial) and a 20 s rest period before training as a baseline, thus deriving 
baseline corrected (Δ) PSDs for each parietal hemisphere (Kvamme et al., 2022). We could calculate a baseline corrected asymmetry 
index of parietal cortex alpha power from this. We used these offline source-based MEG data to assess whether the alpha asymmetry 
neurofeedback training induced asymmetric differences in parietal cortex alpha power during neurofeedback for each trained 
participant (Kvamme et al., 2022). 

Fig. 1. Experimental Procedure Flowchart, The flow of participants through different experimental procedures. Participants completed a pre-test 
of the sound-induced flash illusion (SIFI). Participants were then allocated to an L-NFB group where attention was increased to the left hemifield and 
an R-NFB group where attention was increased to the right hemifield. N = 10 in each group. The neurofeedback training for both groups was 
intended to decrease contralateral alpha activity. The study’s main hypothesis was that increased attention would result in additional illusory flash 
percepts in the trained hemifield for both groups in the SIFI post-test. In the immediate post-scan interview, participants were queried as to their 
strategy for neurofeedback. Participants then completed other multisensory tasks for approximately 60 min. In the one-hour post-scan interview and 
questionnaire session, participants were queried about their experience of strategy and attention during neurofeedback. Participants then completed 
the contingency awareness questionnaire where they were queried about audio/visual strategy, their assessment of their own illusion probability, 
assessment of their confidence, their attentional focus during neurofeedback, the confidence token game, and whether the experiment intended to 
change their attention to the left or right. 
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2.4. Neurofeedback task 

Subjects were instructed to fixate at a central fixation cross. When the cross turned black, subjects were required to use “mental 
effort” to increase the visibility of the Gabor pattern. Before entering the scanner, subjects were informed that the feedback was related 
to their ongoing brain activity, and a slight delay in the feedback would occur. The neurofeedback phase was composed of 68 trials split 
into four blocks. A trial began with 5 s of rest, followed by ten epochs of neural feedback. Feedback was calculated based on the recent 
500 ms of data and shown to the subject (delay = 187 ms). We omitted 200 ms following the visual display update to reduce the 
influence of the visual-evoked response on the following data segment (Okazaki et al., 2015). A single neurofeedback trial thus took ~ 
9 s. A white fixation cross was presented for an inter-trial interval (ITI) between 3 and 5 s following a trial. We used the eye tracker for 
gaze-contingent correction of subjects’ gaze behaviors to ensure subjects’ gazes remained stable. Live video recording was monitored 
to ensure that subjects were not closing either eye for long periods. Finally, subjects were required to press either the left or right 
response box (i.e., a text appeared, e.g., “press left key”) at the end of each trial. Following each neurofeedback block, subjects rated 
their sense of control of the neurofeedback display using the 6-point sense of control scale (SCS) (Dong et al., 2015). Subjects were 
encouraged to try their best following their SCS rating. 

2.5. Pre- and Post-Test multisensory perception task 

In the pre and post-test phases of the MEG, experiment subjects performed a multisensory perception task called the sound-induced 
flash illusion (SIFI) (Shams et al., 2000, 2002). The sound-induced flash illusion is a visual illusion where a single flash presented in the 
visual periphery together with more than one auditory beep occasionally leads to the perception of more flashes. Since low alpha-band 
activity in the posterior cortices is correlated with increased sound-induced flash perceptions and change in measures of attention, we 
hypothesized that the multisensory flash reports could increase in the contralateral hemifield to where alpha was down-regulated with 
neurofeedback (Bagherzadeh et al., 2020; Kaiser et al., 2019; Kvamme et al., 2022; Lange et al., 2013; Rohe et al., 2019). The ex-
periment’s purpose was thus that subjects located in either group (L-NFB) and (R-NFB) would see increases in the experience of sound- 
induced flashes in the left and right hemifield, respectively. To measure this, we employed a version of the SIFI where flashes appeared 
on both sides/hemifields. We used 208 trials per phase with three illusion trial conditions (2b1f, 3b1f, and 4b1f), two control con-
ditions (1b1f and 2b1f), and one catch trial condition (1b0f) where the index number represents the auditory beeps (b) and the visual 
flashes (f). Gaze-contingent eye-tracking was employed to ensure that each subject’s gaze remained on the centrally presented fixation 
cross. Auditory beeps were presented through both left and right earplugs and comprised 7 ms 1 kHz sine waves with 3 ms onset and 
offset ramps. Visual flashes were presented for 16.7 ms on either left or right side at 6.7◦ eccentricity concerning the central fixation 
cross and consisted of white circular disks subtending a visual angle of 1.6◦. The onset of auditory stimuli occurred 7.6 ms before the 
flash, and the delay between the first and second flash was 66.7 ms (Stiles et al., 2018; Yun et al., 2020). Subjects indicated how many 
flashes they experienced using a response box. 

2.6. Immediate Post-Scan interview 

Subjects performed an initial short 5-minute “immediate post-scan interview” after the post-test SIFI task. As subjects exited the 
scanner and removed EMG-electrodes, they were recorded. Recordings were transcribed and translated and put in the following online 
repository (link): In the immediate interview, subjects were questioned about what the neurofeedback was like for them. Every 
participant was repeatedly asked which strategy they used to perform the neurofeedback (making the black lines clearer) until they no 
longer reported any new strategy. Initially, we asked participants (ID 1 and ID 2) if they noticed a change in their attention during the 
immediate post-scan interview. This question was later moved to the One-Hour Post-Scan Contingency Awareness Questionnaire. 

2.7. One-Hour Post-Scan contingency awareness questionnaire 

Subjects performed a more detailed ~ 20–25-minute questionnaire on contingency awareness which was delayed after performing 
other multisensory tasks without scanning (~60 min). We reasoned that an immediate interview that probed subjects’ strategies would 
help subjects recall their strategies and experiences performing neurofeedback due to the delay caused by performing the post-test. 
Moreover, we reasoned that the distractive element of performing other multisensory tasks before the final detailed contingency 
awareness questionnaire would serve as an incubation period for subjects, which would help their recall (Gilhooly, 2016; Sio and 
Ormerod, 2009). 

In the one-hour post-scan interview and questionnaire (see Fig. 1 and the supplementary material for the entire questionnaire), we 
interviewed subjects with questions related to subject’s perceptions of the tasks, strategies, and awareness of the experiment’s pur-
poses (AoEP). The questionnaire contained a combination of open-ended questions where subjects were allowed to provide a free-form 
answer and closed-ended yes-or-no questions. The questionnaire featured “decoy questions” or “lures” meant to raise the possibilities 
of alternative solutions to the final question on the experiment’s purpose than the correct one. Initially, subjects were asked if they had 
any new recollection of their employed strategies during neurofeedback and the strategies they discussed in the immediate ~ 5 min 
following the scan. Participants (with ID 1 and ID 2) were asked in the immediate post-scan interview whether they noticed a change in 
their attention following neurofeedback, while the latter (N = 16) participants were asked in the one-hour post-scan contingency 
awareness questionnaire. Due to an error, this was not asked for two participants (ID 11 and ID 15). Subjects were asked whether they 
noticed a change in their attention in an open-ended question. Then subjects were asked whether their strategies were mainly visual or 
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auditory using a visual analog scale (VAS). Subjects were then told about the sound-induced flash illusion (the multisensory perception 
task they were tested on before and after neurofeedback). They were asked to estimate how often they experienced the illusion in the 
task and their confidence in their estimates of flashes across the two phases. Subjects were then asked if they attended more to the left 
or the right. Participants also reported how often they thought the probability of the small probe would appear on either side using VAS 
(the probe appeared equally on either side during the neurofeedback). Subjects then completed the so-called Confidence Token Game 
(CTG) (Kvamme et al., 2019) modified for this specific neurofeedback paradigm. In the CTG, the subject is given six red rectangular 
cardboard tokens that represent their total confidence. The subject was then faced with a 6 row by 7 column grid where the grid 
columns contained behaviors that the neurofeedback training was supposedly meant to change. The behaviors were 1) experience 
more flashes, 2) experience fewer flashes, 3) report faster, 4) report slower, 5) experience more left-sided flashes (correct for L-NFB 
subjects), 6) experience more right-sided flashes (correct for the other R-NFB subjects) and 7) the feedback was random (see Fig. 2). 

Subjects were required to place all six tokens within one or several columns of their choice. The tokens represented which behavior 
(s) the subjects believed the neurofeedback training was meant to change their behavior from pre-test to post-test. The subjects were 
told that the experimenter was unaware of their group assignment but that the experimenter knew that a minimum of one behavior was 
correct and that a minimum of one was incorrect. Subjects were also given seven different neurocognitive explanations of how 
neurofeedback could have attempted to influence each behavior. An attempt was made to link the neurocognitive explanations to prior 
questions in the contingency awareness questionnaire. For instance, subjects were told that confidence (which they had already been 
interviewed on) could be measured in the brain and trained, affecting their reaction time. The concept of control groups in neuro-
feedback studies where the feedback is random was also described. Subjects who did not believe that the feedback was meant to change 
any behaviors were encouraged to place tokens in the random category. Subjects rated their confidence in their placement and were 
told to relocate tokens until the placement represented their most confident guess. Finally, subjects were asked whether the experiment 
intended to change their attention to the left or right side using a VAS scale. The final question was added after the first subject and was 
thus not available for this subject. Subjects and experimenters wore facemasks during the interview due to COVID-19 guidelines (N =
16, as the guidelines changed during the experiment). The questionnaire, the interview transcripts (translated to English for Danish 
speakers), and the questionnaire data are provided in the following online repository (link). 

Fig. 2. Confidence Token Game. Subjects placed six red tokens, which represented their confidence, within seven different columns that rep-
resented potential behaviors that the neurofeedback might have had the purpose of changing their behavior from before to after neurofeedback. The 
grey-colored columns were decoy options; the blue-colored column was correct for subjects in the L-NFB group, while the red-colored column was 
correct for subjects in the R-NFB group. In the table presented to the participants, the columns were not colored (see the supplementary material for 
the exactly presented questionnaire). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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3. Analysis and results 

3.1. Open-ended interview questions 

None of the participants (N = 20) indicated that their strategies included visually attending to their trained side in the open-ended 
interview questions. The most predominant strategies were; Focusing on the black lines (N = 12), Focusing eyes (N = 10), Focusing on 
the fixation cross (N = 6), Focusing away from the black lines (N = 4), Focusing on an after image (N = 4), Using an inner voice (N = 4) 
and relaxing eyes (N = 3). One participant reported looking across the black lines as a strategy but without a preference for left/right 
versus up/down (ID = 17). One participant reported looking down as a strategy (ID = 4). One participant noticed experiencing more 
illusions following neurofeedback (ID = 3), but not more to any side. One participant in the L-NFB group reported hearing heart pulses 
and attending more to the left ear (ID = 5). Interestingly, this participant reported in the one-hour post-scan interview experienced that 
the fixation cross in one of the multisensory tasks was shifted to the left. In the initial open-ended questions, none of the participants 

Fig. 3. Contingency Awareness Results, Three questions in the contingency awareness questionnaire (CAQ) of interest in the same order they 
were queried: 1): The self-reported asymmetric attention during neurofeedback (NFB), 2): The Confidence Token Game (CTG) question on self- 
reported awareness of experimental purposes (AoEP) to manipulate flash reports, and 3): The self-reported awareness of experimental purpose 
to manipulate attention asymmetrically. The plot is a visual analog scale (VAS) of the subjects’ self-reported guess as to which side was their trained 
side versus the untrained side/hemifield (subjects and the experimenter were blinded to the subjects’ trained hemifield). Blue dots/triangles were 
subjects in the L-NFB group, and red were subjects in the R-NFB group. Triangles represent subjects who assigned probability (using the CTG) that 
they had an AoEP to manipulate their multisensory perception asymmetrically (to their trained side/hemifield), whereas dots represent subjects who 
did not. A dichotomous analysis of results is presented at the bottom, where the number of subjects reporting VAS scores to the left, middle right in 
columns for question 1) (purple) and question 3) (yellow) for the different groups (L-NFB and R-NFB) are presented for all subjects and the subset of 
AoEP-subjects (N = 5). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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noticed a change in their attention to their trained side when asked if they (N = 18, two lacking due to errors) experienced a change in 
their attention due to neurofeedback. See the supplementary material for full transcripts and a summary of strategies (link). 

3.2. Main awareness questions of interest 

The following questionnaire from the one-hour post-scan contained three main awareness questions of interest; 1): The self- 
reported asymmetric attention during neurofeedback, 2): The CTG question on self-reported awareness of experimental purposes 
(AoEP) to manipulate flash reports asymmetrically, and 3): The self-reported AoEP to manipulate attention asymmetrically. All values 
were corrected to positive and negative values concerning each subject’s group and to-be-trained side/hemifield. For example, in the L- 
NFB reporting AoEP to change attention to the left, the amount of confidence towards the left side counted as positive. In contrast, 
values to the right counted as negative (the opposite for the R-NFB group). For the second question (from the CTG), which was derived 
from six confidence tokens representing their total confidence (i.e., 100 %), values were multiplied by 16.66 for each token. We only 
considered confidence reports on the two non-decoy options (i.e., AoEP to manipulate flash reports left or right). One subject (ID = 14) 
was unsure about the direction and thus rated with one token for both left and right hemifield for the second question. For this subject, 
responses were set to zero for the second question (the original responses are kept for the supplementary analysis in the supplementary 
material). 

We performed one-sample t-tests on each of the three questionnaire questions and performed a follow-up exploratory analysis of 
alpha power asymmetry using a two-sample permutation test in the R statistical computing software (Kohl, 2019; R Core Team, 2013; 
Valero-Mora, 2010). All one-sample t-tests were conducted against a mean of 0. For the first question, 1): The self-reported asymmetric 
attention during neurofeedback values had (M = 1.62, SD = 8.9) and the test statistic was not significant t(19) = 0.81, p = 0.436. For 
the second question, 2): The CTG question on self-reported awareness of experimental purposes (AoEP) to manipulate flash reports 
asymmetrically values had (M = 6.66, SD = 12.56), and the test statistic was significant t(19) = 2.37, p = 0.028. For the third question, 
3): The self-reported AoEP purpose to manipulate attention asymmetrically, values had (M = 4.63, SD = 19.60) and the test statistic 
was not significant t(18) = 1.03, p = 0.317. As the first and third questions are conceptually similar, we performed spearman’s rank 
correlation and found that they were significantly correlated (R = 0.47, p = 0.04). 

3.3. Subset of subjects with awareness of experimental purposes 

In light of our findings that a subset of subjects (5/20), reported in the CTG that they had a degree of the AoEP to manipulate 
multisensory flash reports asymmetrically, we decided to focus on these AoEP-subjects. We performed a dichotomous calculation of 
values by assessing whether these subjects as compared to Non-AoEP subjects rated to the left, middle, or right on their AoEP on the 
previous question on asymmetric attention during neurofeedback and the follow-up question on AoEP to manipulate attention 
asymmetrically. In a qualitative and descriptive assessment of the dichotomous ratings (see Fig. 3), no clear pattern of L-NFB and R-NFB 
groups choosing correct when considering all subjects. However, specifically among AoEP-subjects, four guessed correctly on the first 
question (one guessed middle), whereas all five AoEP-subjects guessed correct on the final question. 

We tested the likelihood of a random sample of 5/20 participants correctly answering correctly within the CTG (left/right). Under 
the null hypothesis, we could randomly permute L-NFB/R-NFB group labels for corrected values relative to each subject’s to-be-trained 
side/hemifield on the CTG. Repeating this procedure 10.000 times yielded empirical distributions that true values could be compared 
against. This test was not significant (p = 0.10, n = 5, non-parametric two-sided permutation test). 

In an exploratory analysis, we tested whether AoEP-subject had a greater baseline-corrected asymmetry index of parietal cortex 
alpha power during neurofeedback. Although AoEP had a greater average asymmetry of alpha power during neurofeedback (M = 0.11, 
SD = 0.10) compared with non-AoEP-subjects (M = 0.017, SD = 0.10), a two-sample permutation t-test was not significant t(19) =
1.74, p = 0.093 (Kohl, 2019). We performed two-sample t.test comparisons between Non-AoEP subjects and AoEP subjects on con-
fidence measures and token placement on questions in CTG than the correct options. None of the tests were significant, although a 
tendency for Non-AoEP subjects to assign tokens to the random option was noted t(18) = 1.83, p = 0.08. See the supplementary 
materials for more information. 

4. Discussion 

In this study, we investigated whether subjects could gain awareness of experimental purposes (AoEP) using a detailed contingency 
awareness questionnaire (CAQ) following a MEG-neurofeedback paradigm commonly used to alter attention (Bagherzadeh et al., 
2020; Okazaki et al., 2015; Schneider et al., 2020a). We hypothesized that subjects might acquire an awareness of our attempt to alter 
their multisensory processing following neurofeedback if cued to different options through a detailed questionnaire that was sensitive 
enough to assess AoEP. None of the participants indicated a strategy of attending more to the trained side in the open-ended questions. 
Our results from the detailed questionnaire following the open-ended questions demonstrate that a limited subset of subjects (5 out of 
20) could correctly guess which side their multisensory perceptions were intended to increase. It should be noted that these subjects 
did not assign all of their confidence tokens to the correct side in the confidence token game (CTG). Instead, they only assigned one or 
two tokens, equaling 16.6 % or 33.3 % of their confidence to the correct side. However, none of the subjects guessed incorrectly, i.e., on 
their untrained hemifield. These AoEP-subjects were also correct on the previous question on their awareness of their attention during 
neurofeedback and on their assessment of AoEP on the following question on the purpose to alter their attention (albeit one subject did 
not). Our findings thus provide evidence that our detailed CAQ for neurofeedback is sensitive enough to detect that a limited subset of 
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subjects acquire AoEP. 
There are several limitations with the present study worth noting before proceeding with a comparison and discussion of previous 

studies. In our study, the same participants were first asked about their strategy for performing neurofeedback during an initial 
interview using open-ended questions. Later on, the same participants went through a detailed questionnaire to cue them to different 
options, thereby aiding them in potentially acquiring AoEP. To further substantiate these findings, it is necessary to also compare our 
approach to a simple multiple-choice questionnaire. Moreover, further studies should assess different ways and degrees of cueing or 
amount of decoy options, or the order of the questions between participants by employing different groups of participants for each type 
of questionnaire, similar to other approaches (Sandberg et al., 2010). One further option could also be to expand the number of CTG 
options and then gradually constrict them while testing token placement at every constriction. It might also be that the order of the 
questions is critical for forming an AoEP in the present study. Our data suggest that those subjects who either had or gained AoEP 
throughout the questionnaire rated that the AoEP of the experiment to shift their attention to one side was the same side as they had 
rated their AoEP to shift their multisensory perception asymmetrically. 

One possibility is that subjects implicitly become aware of their group assignment of the L-NFB and R-NFB group by reading the 
subtle social cues from the experimenter performing the questions who knew the experiment’s purpose. However, the experimenter 
was blinded to the subject’s assignment to the L-NFB or R-NFB group, not to the intention that the two groups were meant to induce 
differences in multisensory perception. Because the questionnaire featured several questions about side/hemifield, it is not impossible 
that subjects somehow became aware of their assignment due to a reaction from the interviewer to the initial questions. Here, it should 
be noted that the double-blind was performed like other neurofeedback studies. It should also be noted that during the majority of the 
data collection (N = 16), the experimenter and subjects wore facemasks due to Covid-19 restrictions, which would have limited subtle 
facial cues. 

Further studies should make sure that the experimenter who conducts the questionnaire with subjects is blinded to the purpose of 
the experiment. Ideally, it should also be assessed whether the experimenter can guess the assignment of subjects at different stages of 
the questionnaire (Ros et al., 2020). One major limitation of the present study is the low sample size (N = 20) which was determined 
based on the expected neurofeedback effect of the companion paper. The low sample size minimizes the degree to which the present 
results should influence other studies until the present results are thoroughly replicated. This is especially true given the extensive time 
the questionnaire takes to administer. A limitation is also that the framing of the interview questions for assessing awareness did vary 
somewhat from participant to participant. Another related limitation is that as an experimenter performs the questionnaire, they 
become more adept at querying subjects, posing the risk of discrepant querying in the beginning compared to the end of the exper-
iment. Larger sample sizes could also remedy this. Our use of the sense of control scale (SCS) (Dong et al., 2015), which was used to 
query subjects about their sense of control of the neurofeedback, could be responsible for part of the development of AoEP in the subset 
of subjects. A consideration for future studies would be to assess the use of the SCS and control beliefs in general and their relation to 
the development of AoEP (Witte et al., 2013). Moreover, in our neurocognitive explanations (decoy and correct options), we did not 
provide references to brain areas (Ramot et al., 2016). Although this could be implemented in future studies, it should be kept in mind 
that the questionnaire we employed was already considerably lengthy. 

Our analysis of confidence and token placement on CTG questions showed that confidence measures and other CTG measures were 
not significantly different between Non-AoEP subjects and AoEP subjects. However, there was a tendency toward placing tokens on the 
option for stating that “the feedback was random” for Non-AoEP subjects. One may argue that confidence measures make the ques-
tionnaire unnecessarily long; however, the confidence questions also facilitate more participant reflection, which is advantageous. The 
significant correlation between question 1): The self-reported asymmetric attention during neurofeedback, reports asymmetrically, 
and question 3): The self-reported AoEP to manipulate attention asymmetrically shows that the two are likely dependent. It could be 
interpreted that the third question is not necessary. However, we also found that one AoEP subject in the R-NFB group who answered in 
the middle for question 1 switched to the correct right side for question 3, suggesting that the CTG may help participants gain further 
AoEP. 

In sum, our results provide a new perspective on assessing AoEP in neurofeedback studies. In comparison to the studies by Shibata 
et al. (2011) and Ramot et al. (2016), we provide a detailed and extensive contingency awareness questionnaire that may be used as a 
template for further studies into AoEP. As described in the introduction, an assessment of purposes in an implicit neurofeedback study 
was provided by Shibata et al. (2011). The most substantial evidence Shibata and colleagues (2011) provide for the implicit and 
double-blinded neurofeedback procedure was that when subjects were told of the purpose of improving their perception of line ori-
entations, subjects could not guess the line orientation they were trained on. In the paper by Shibata and colleagues (2011), when 
discussing whether subjects became aware of the purpose of the experiment, a reference is made to a question in supplementary 
material regarding what subjects thought the size of the feedback disc represented. However, no such question is asked in the sup-
plementary material of Shibata et al. (2011); instead, subjects were asked what strategy they tried to employ to increase the size of the 
feedback disc, which is not the same as assessing AoEP. The subjects reported various strategies but stated that they had no idea of the 
correct strategy. This is similar to our findings; however, because we devised a detailed contingency awareness questionnaire where we 
asked subjects what they thought the purpose was, we can provide evidence that a subset of subjects gained a degree of AoEP. 

In the study by Ramot et al. (2016), subjects were allowed to select among the five options, where two were the correct options, and 
three were decoy options. We extend this methodological procedure in our CTG, although we use seven different options. In addition to 
the procedure presented by Ramot and colleagues (2016), we reasoned that subjects should be told that each option is equally likely to 
occur. To achieve this, we devised the initial questions before the CTG such that subjects were cued to think that each option could be 
likely. It was our purpose when providing subjects with a description of the SIFI task and the questions related to their experience that 
subjects were cued to think about whether they increased or decreased flash perceptions in general. We also questioned subjects about 
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the confidence of their SIFI reports. We used this information to raise the possibility that the purpose of the experiment might have 
been to affect their confidence (Cortese et al., 2016) and explained that it would consequently have affected their reaction times. Our 
short neurocognitive explanations of each decoy and correct options, as well as the random option, thus helped raise the probability 
that subjects picked the decoy questions rather than the two correct options. We argue that this provides a considerable methodo-
logical improvement compared with Ramot et al. (2016), where it is unclear what information subjects were provided before being 
asked about their AoEP. The complete questionnaire of the present study, all transcripts (translated to English for Danish speakers), 
and the questionnaire data are provided in the following online repository (link). 

Our findings do not contradict the claim by Shibata et al. (2011) and Ramot et al. (2016) that subjects were unaware of the purpose 
of the neurofeedback procedure in those studies. We argue that it is unlikely that subjects can gain awareness of very complicated 
experimental purposes like awareness of one’s self-regulation of brain activity related to visual processing like face-related imagery or 
the orientation of lines. Instead, we argue that certain functions, such as attention, are characterized by affording a kind of meta-
cognitive access that is less challenging for subjects to understand and verbalize (van Gaal et al., 2012; Overgaard and Sandberg, 
2014). Like a recent review, we argue that theoretical insights from consciousness research would be fruitful for distinguishing be-
tween explicit and implicit neurofeedback (Muñoz-Moldes and Cleeremans, 2020). Claiming that humans are unaware of a specific 
type of mental content is a notoriously difficult endeavor. For instance, what was long held as wholly unconscious phenomena, such as 
dreams or subliminal perception, have been overturned by more sensitive measures which show that degrees of awareness can be 
detected (Fazekas et al., 2019; Green et al., 1994; Koch et al., 2016; Laberge, 1980; Overgaard et al., 2006; Ramsøy and Overgaard, 
2004; Sandberg et al., 2010; Siclari et al., 2017; Voss et al., 2013). 

Similarly, we argue that a method improvement of assessing AoEP would be advantageous for neurofeedback research. In 
particular, this should be seen in the light of the appeal of the double-blinded neurofeedback procedure as the ultimate way to assess 
the value of clinical neurofeedback studies (Sitaram et al., 2017). We argue that it is essential to resolve how to measure AoEP in 
neurofeedback studies. Once it is properly validated, this method should be incorporated into forthcoming double-blinded clinical 
neurofeedback RCTs such as those in affective disorders. For instance, double-blinded RCTs of pharmacological interventions in major 
depression have shown that perceived treatment assignment is a better determinant of depressive symptom reduction than the actual 
treatment (Kirsch, 2019; Laferton et al., 2018). Similarly, to substantiate a potential clinical effect of neurofeedback, it is crucial to 
address the validity of the RCT principle of the double-blinded design standard. 

The issue may also hearken back to the definition of double-blind. It could be seen as too strong a definition for neurofeedback to 
live up to when the double-blinded experiment is defined as; “An experimental goal where the subject and experimenter are unaware 
of the nature of the treatment the subject is receiving” (Padhi and Fineberg, 2010), which is the typical definition in neurofeedback 
studies (Ros et al., 2020; Sorger et al., 2019; Taschereau-Dumouchel et al., 2018b; Thibault et al., 2016). Instead, a soft definition of the 
double-blind may be more appropriate; “in a double-blind or blinded experiment, information which may influence the subject or the 
experimenter is withheld until after the experiment is complete” (David and Khandhar, 2020). Or in other words, the recommendation 
to future neurofeedback studies could simply be; to the extent to which a double-blind is possible, perform a double-blind, and test 
whether the subject and experimenter became aware of the group assignment and purposes of the experiment (Ros et al., 2020). Some 
authors have also stressed that the attempt to provide neurofeedback in a double-blinded manner should not replace the practice of 
adhering to fundamental principles of neurofeedback (Fovet et al., 2017; Pigott et al., 2018). Arguably, suppose it turns out that 
achieving double-blind in a neurofeedback study in the strong sense is too difficult. In that case, it could be advisable to not compare 
neurofeedback against blinded placebo-neurofeedback (i.e., sham-neurofeedback), but instead it would be more meaningful to 
compare neurofeedback against other treatment options (Dohrmann et al., 2007; Geladé et al., 2017; Hartmann et al., 2014; Maurizio 
et al., 2014; Vanneste et al., 2016). 

In sum, we provide a novel method for assessing awareness in neurofeedback studies, revealing AoEP in a subset of subjects. We 
believe that it is essential to develop the method of assessing awareness in neurofeedback to quantify the degree to which subjects 
become aware of the purposes of neurofeedback experiments. Importantly, this line of research may potentially address and sub-
stantiate the role of the double-blind experimental standard in clinical and experimental neurofeedback studies. 
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Muñoz-Moldes, S., & Cleeremans, A. (2020). Delineating implicit and explicit processes in neurofeedback learning. Neurosci. Biobehav. Rev., 118, 681–688. 
Neumann, N., & Birbaumer, N. (2003). Predictors of successful self control during brain-computer communication. J. Neurol. Neurosurg. Psychiatry, 74, 1117–1121. 
Oblak, E. F., Lewis-Peacock, J. A., & Sulzer, J. S. (2017). Self-regulation strategy, feedback timing and hemodynamic properties modulate learning in a simulated fMRI 

neurofeedback environment. PLoS Comput. Biol., 13, 1–25. 
Okazaki, Y. O., Horschig, J. M., Luther, L., Oostenveld, R., Murakami, I., & Jensen, O. (2015). Real-time MEG neurofeedback training of posterior alpha activity 

modulates subsequent visual detection performance. Neuroimage, 107, 323–332. 
Overgaard, M., & Sandberg, K. (2014). Kinds of access: Different methods for report reveal different kinds of metacognitive access. The Cognitive Neuroscience of 

Metacognition, 9783642451, 67–85. 
Overgaard, M., Rote, J., Mouridsen, K., & Ramsøy, T. Z. (2006). Is conscious perception gradual or dichotomous? A comparison of report methodologies during a 

visual task. Conscious. Cogn., 15, 700–708. 
Padhi, A., and Fineberg, N. (2010). Double-Blinded Study. In Encyclopedia of Psychopharmacology, I.P. Stolerman, ed. (Berlin, Heidelberg: Springer Berlin 

Heidelberg), pp. 418–418. 
Petitmengin, C., & Lachaux, J.-P. (2013). Microcognitive science: Bridging experiential and neuronal microdynamics. Front. Hum. Neurosci., 7, 617. 
Petitmengin, C., Remillieux, A., Cahour, B., & Carter-Thomas, S. (2013). A gap in Nisbett and Wilson’s findings? A first-person access to our cognitive processes. 

Conscious. Cogn., 22, 654–669. 
Pigott, H. E., Cannon, R., & Trullinger, M. (2018). The Fallacy of Sham-Controlled Neurofeedback Trials: A Reply to Thibault and Colleagues (2018). J. Atten. Disord.. 

https://doi.org/10.1177/1087054718790802 
R Core Team (2013). R: A language and environment for statistical computing. 
Ramot, M., Grossman, S., Friedman, D., & Malach, R. (2016). Covert neurofeedback without awareness shapes cortical network spontaneous connectivity. Proc. Natl. 

Acad. Sci. U. S. A., 113, E2413–E2420. 
Ramsøy, T. Z., & Overgaard, M. (2004). Introspection and subliminal perception. Phenomenol. Cognitive Sci., 3, 1–23. 
Rohe, T., Ehlis, A. C., & Noppeney, U. (2019). The neural dynamics of hierarchical Bayesian causal inference in multisensory perception. Nat. Commun., 10, 1–17. 
Ros, T., Enriquez-Geppert, S., Zotev, V., Young, K. D., Wood, G., Whitfield-Gabrieli, S., et al. (2020). Consensus on the reporting and experimental design of clinical 

and cognitive-behavioural neurofeedback studies (CRED-nf checklist). Brain, 143, 1674–1685. 
Sandberg, K., Timmermans, B., Overgaard, M., & Cleeremans, A. (2010). Measuring consciousness: Is one measure better than the other? Conscious. Cogn., 19, 

1069–1078. 
Schabus, M. (2017). Reply: On assessing neurofeedback effects: Should double-blind replace neurophysiological mechanisms? Brain, 140, Article e64. 
Schabus, M., Griessenberger, H., Gnjezda, M. T., Heib, D. P. J., Wislowska, M., & Hoedlmoser, K. (2017). Better than sham? A double-blind placebo-controlled 

neurofeedback study in primary insomnia. Brain, 140, 1041–1052. 
Scharnowski, F., Hutton, C., Josephs, O., Weiskopf, N., & Rees, G. (2012). Improving Visual Perception through Neurofeedback. Journal of Neuroscience, 32, 

17830–17841. 
Scheinost, D., Stoica, T., Saksa, J., Papademetris, X., Constable, R. T., Pittenger, C., et al. (2013). Orbitofrontal cortex neurofeedback produces lasting changes in 

contamination anxiety and resting-state connectivity. Transl. Psychiatry, 3, Article e250. 
Schneider, C., Pereira, M., Tonin, L., & Millán, J. D. R. (2020). Real-time EEG Feedback on Alpha Power Lateralization Leads to Behavioral Improvements in a Covert 

Attention Task. Brain Topogr., 33, 48–59. 
Schönenberg, M., Wiedemann, E., Schneidt, A., Scheeff, J., Logemann, A., Keune, P. M., et al. (2017). Neurofeedback, sham neurofeedback, and cognitive-behavioural 

group therapy in adults with attention-deficit hyperactivity disorder: A triple-blind, randomised, controlled trial. Lancet Psychiatry, 4, 673–684. 
Shams, L., Kamitani, Y., & Shimojo, S. (2000). Illusions. What you see is what you hear. Nature, 408, 788. 
Shams, L., Kamitani, Y., & Shimojo, S. (2002). Visual illusion induced by sound. Brain Res. Cogn. Brain Res., 14, 147–152. 
Shibata, K., Watanabe, T., Sasaki, Y., & Kawato, M. (2011). Perceptual learning incepted by decoded fMRI neurofeedback without stimulus presentation. Science, 334, 

1413–1415. 
Shibata, K., Lisi, G., Cortese, A., Watanabe, T., Sasaki, Y., & Kawato, M. (2019). Toward a comprehensive understanding of the neural mechanisms of decoded 

neurofeedback. Neuroimage, 188, 539–556. 
Siclari, F., Baird, B., Perogamvros, L., Bernardi, G., LaRocque, J. J., Riedner, B., et al. (2017). The neural correlates of dreaming. Nat. Neurosci., 20, 872–878. 
Siniatchkin, M., Kropp, P., & Gerber, W.-D. (2000). Neurofeedback—The significance of reinforcement and the search for an appropriate strategy for the success of 

self-regulation. Appl. Psychophysiol. Biofeedback, 25, 167–175. 
Sio, U. N., & Ormerod, T. C. (2009). Does incubation enhance problem solving? A meta-analytic review. Psychol. Bull., 135, 94–120. 
Sitaram, R., Ros, T., Stoeckel, L., Haller, S., Scharnowski, F., Lewis-Peacock, J., et al. (2017). Closed-loop brain training: The science of neurofeedback. Nat. Rev. 

Neurosci., 18, 86–100. 
Sonuga-Barke, E., Brandeis, D., Holtmann, M., & Cortese, S. (2014). Computer-based cognitive training for ADHD: A review of current evidence. Child Adolesc. 

Psychiatr. Clin. N. Am., 23, 807–824. 
Sorger, B., Scharnowski, F., Linden, D. E. J., Hampson, M., & Young, K. D. (2019). Control freaks: Towards optimal selection of control conditions for fMRI 

neurofeedback studies. Neuroimage, 186, 256–265. 
Stiles, N. R. B., Li, M., Levitan, C. A., Kamitani, Y., & Shimojo, S. (2018). What you saw is what you will hear: Two new illusions with audiovisual postdictive effects. 

PLoS One, 13, 1–22. 
Sudre, G., Parkkonen, L., Bock, E., Baillet, S., Wang, W., & Weber, D. J. (2011). rtMEG: A real-time software interface for magnetoencephalography. Comput. Intell. 

Neurosci., 2011, Article 327953. 
Sulzer, J., Haller, S., Scharnowski, F., Weiskopf, N., Birbaumer, N., Blefari, M. L., et al. (2013). Real-time fMRI neurofeedback: Progress and challenges. Neuroimage, 

76, 386–399. 
Taschereau-Dumouchel, V., Cortese, A., Chiba, T., Knotts, J. D., Kawato, M., & Lau, H. (2018a). Towards an unconscious neural reinforcement intervention for 

common fears. Proc. Natl. Acad. Sci. U. S. A., 115, 3470–3475. 
Taschereau-Dumouchel, V., Liu, K. Y., & Lau, H. (2018b). Unconscious psychological treatments for physiological survival circuits. Current Opinion in Behavioral 

Sciences, 24, 62–68. 
Thibault, R. T., Lifshitz, M., & Raz, A. (2016). The self-regulating brain and neurofeedback: Experimental science and clinical promise. Cortex, 74, 247–261. 
Thibault, R. T., Lifshitz, M., & Raz, A. (2017). Neurofeedback or neuroplacebo? Brain, 140, 862–864. 
Timmermans, B., & Cleeremans, A. (2015). How can we measure awareness? An overview of current methods. In M. Overgaard (Ed.), Behavioral Methods in 

Consciousness Research (pp. 21–46). (Oxford University Press).  
Valero-Mora, P.M. (2010). ggplot2: Elegant Graphics for Data Analysis (Springer). 
Vanneste, S., Joos, K., Ost, J., & De Ridder, D. (2016). Influencing connectivity and cross-frequency coupling by real-time source localized neurofeedback of the 

posterior cingulate cortex reduces tinnitus related distress. Neurobiology of Stress, 8, 211–224. 
Varela, F. J. (1996). Neurophenomenology: A methodological remedy for the hard problem. Journal of Consciousness Studies, 3, 330–349. 
Vermersch, P. (2000). Conscience directe, conscience réfléchie. Intellectica, 31, 269–311. 
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