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BACKGROUND AND AIMS 

 

We aimed to better understand how to use real-time brain imaging to train individuals how to 

actively modify their neural processes and, in turn, achieve specialized states of consciousness. 

Throughout history, effective brain self-regulation has been the purview of a select few (e.g., 

expert meditators, hypnotic virtuosos). We investigated whether it is possible to leverage brain 

imaging to guide naïve participants to adopt expert brain states. We were interested in whether 

paralleling the brain state of an accomplished expert would prompt a more expert-like conscious 

state. In our journey to answer these questions, we came across a number of issues rarely 

discussed in the fields of neurofeedback, meditation, and hypnosis. We delved into two sets of 

issues in particular: posture and non-specific effects. 

 

1. Both hypnosis and meditation demand particular body postures. And yet, when 

researchers brain image these states of consciousness, they often overlook postural 

constraints. We brain imaged participants in a variety of common postures (standing, 

sitting, reclined, lying) in order to better understand (1) whether our current brain data on 

hypnosis and meditation reflect these states well, and (2) which posture is best to train 

hypnotic and meditative states using neurofeedback.  

 

2. Upon seeking to identify the best neural targets for using neurofeedback to induce altered 

states of consciousness, we identified that neurofeedback relies heavily on non-specific 

effects. That is to say, oftentimes, the act of receiving neural feedback itself has little 

effect compared to all other elements involved in the procedure of neurofeedback (e.g., 

expectation and motivation). Between pilot tests and a thorough review of the literature, 

we opened a critical discussion in the field of neurofeedback and identified a strong need 

for cross-talk between neurofeedback and placebo researchers.  

 

 

METHODS AND RESULTS 

 

Below we provide a summary of the methods and results from the numerous experiments and 

reviews we conducted. For detailed methodology and complete results, please refer to the eight 

publications listed at the beginning of this document.  

 

Experiment Series 1 

Body posture alters brain imaging data: implications for mediation and hypnosis research 

 

Because specialized brain states pair with particular postures (e.g., sitting upright in meditation), 

we conducted an experiment to identify the body-position most advantageous to successful 

training. To uncover the most ideal posture for neurofeedback, we leveraged multi-postural 



magnetoencephalography to measure brain activity in three positions (i.e., lying supine, reclined 

at 45°, and sitting upright; see Figure 1) (Thibault et al., Brain Imaging and Behavior 2015). 

 

 
Figure 1. Dewar and body positions 

 

We found that posture influences neural activity and demonstrated that sitting upright, compared 

to sitting reclined or lying supine, increases left-hemisphere high-frequency neural activity over 

common speech areas; see Figure 2 (Thibault et al., Brain Imaging and Behavior 2015). We found 

a main effect of posture on high-gamma activity over left frontal and left temporal cortex (Fig. 2). 

High-gamma power increased in these regions when sitting compared to when reclined or supine 

(Fig. 2 C-D), but did not differ between reclined and supine postures (Fig. 2 E). Differences in 

delta, theta, alpha, beta, and low-gamma activity between postures lacked significance. We found 

no difference between the two runs in each posture for any bandwidth. 

 

 
Figure 2. High-gamma activity differs across postures 

A. Color map depicting scalp regions where two-way ANOVAs yielded statistically significant (red: p 

< .01 to light blue: p < .05) and non-significant changes (dark blue: p > .05) across postures. B. The same 

ANOVA results mapped onto a 3-dimensional depiction of the MEG helmet (viewed from the left side). 

C-E. Heat maps shows Tukey-corrected pairwise comparisons between specific postures. Any color 



other than dark-blue represents an increase in power while sitting upright. F-H. Maps depicts the average 

power differences between specific postures. Red indicates an increase in power when more upright 

whereas blue indicates a decrease in power when more upright. 

 

In the empty-room recordings, ANOVAs revealed a main effect of dewar position on seven of the 

275 sensors in the high-gamma range only. Two of the sensors displaying significant changes 

between postures in the empty-room recordings also showed significance in the participant 

analysis. However, pairwise Tukey-comparisons revealed that in the case of empty-room 

recordings, statistically significant differences arose between supine and reclined postures only, 

whereas in the participant analysis changes occurred between sitting and supine or sitting and 

reclined, but not between supine and reclined. 

 

 
Figure 3. Posture-dependent changes in regional brain activity  

Colored brain regions show areas where t-tests revealed source-level power differences when contrasting 

sitting upright against lying supine (mapped on the Desikan-Killiany neuroanatomical atlas). Red (q < 

.05) signifies greater oscillatory activity when sitting upright, whereas blue (q < .05) signifies lower 

activity when sitting upright. Each column presents one brain map viewed from six different angles. 

 

 



We conducted a follow-up experiment to look deeper at the neural sources involved in the brain 

changes we observed. We collected resting-state MEG data from 12 healthy participants in three 

postures (lying supine, reclining at 45°, and sitting upright). Source-modeling analysis revealed a 

broadly distributed influence of posture on resting brain function (see figure 3). Sitting upright 

versus lying supine was associated with greater high-frequency (i.e., beta and gamma) activity in 

widespread parieto-occipital cortex. Moreover, sitting upright and reclined postures correlated 

with dampened activity in prefrontal regions across a range of bandwidths (i.e., from alpha to low 

gamma). The observed effects were large, with a mean Cohen's d of .95 (SD = .23). 

 

At the moment, fMRI seems to present the most promising imaging modality to train atypical brain 

states. MEG, while less studied than fMRI in the context of neurofeedback, also shows promise. 

Our posture findings suggest that the supine position – imposed by fMRI – invokes a less alert 

state. While the benefits of fMRI largely outweigh the minor confines related to supine posture, 

MEG might present an opportunity to overcome such confines while still providing effective 

neurofeedback. To inform other researchers across a range of neuroimaging experiments, we 

compiled a review (Thibault and Raz, Frontiers in Human Neuroscience 2016) which highlights 

all the aspects of human functioning altered by posture (we include the summary of these findings 

below in figure 4). 

 

 
Figure 4. Posture modulates physiology and cognition: select experimental findings. 



Experiment series 2 

Neurofeedback: non-specific effects and atypical brain states 

 

With the variety of available brain imaging techniques, we first identified the most effective 

modality to train neural self-regulation. To find the top imaging modality for neurofeedback, we 

conducted a comprehensive literature search reviewing the most oft-cited and influential papers 

concerning various feedback methods (Thibault et al., Cortex 2016). See Figure 5 for a schematic 

of the neurofeedback process. 

 

Our survey of the literature suggests that training outcomes associated with 

electroencephalography (EEG) neurofeedback are likely attributable to expectations and placebo-

like effects (Thibault and Raz, Lancet Psychiatry 2016).  Alternatively, findings from an increasing 

number of studies indicate that functional magnetic resonance imaging (fMRI) neurofeedback may 

help guide participants toward neural self-regulation (Thibault et al., Cortex 2016). However, 

fMRI cannot accommodate the canonical upright posture assumed during meditation and the 

frequently assumed reclined position used in hypnosis. Magnetoencephalography (MEG), 

alternatively, accommodates both these postures and recent findings suggest that this imaging 

technique may present an effective alternative to fMRI for neurofeedback (Thibault et al., Cortex 

2016). 

 

Throughout our investigation into how EEG neurofeedback alters brain activity we found that the 

motivation of participants, their trust in the brain imaging technology, and their expectation had 

greater influence than the brain signal they were provided with to train (Thibault et al., American 

Psychologist, 2017). We followed this up with a more systematic review of fMRI-nf which is now 

under review at Human Brain Mapping. Surprisingly we found a number of promising findings, 

but few of which overlapped substantially or had been replicated.  

 

Of the 79 primary research experiments we reviewed we found many often overlooked issues in 

the field. For example, only 35% of studies use an appropriate control group (i.e., sham-

neurofeedback). Meanwhile, 38% of experiments mention accounting for respiration to some 

degree; and yet, due to the nature of the BOLD signal, participants could control the neurofeedback 

output with their respiration rather than their brain activity. Moreover, only 16 of the 79 studies 

report greater behavioral improvement in the experimental group compared to a control group. 

These overarching findings highlight that some neurofeedback studies are much better designed 

and conducted that others. The numerous inadequately designed experiments may detract from the 

true value of neurofeedback and make non-specific, placebo-like influences appear more dominant 

than they truly are.  

 



 
Figure 5. A schematic outlining the process of neurofeedback. 

 

 

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

 

Since 1958, scientists have attempted to train people to self-regulate their brain by providing 

ongoing feedback about their neural activity. This procedure, known as neurofeedback, is now 

reaching a pinnacle. Stronger computational power and advanced imaging modalities are 

allowing neurofeedback participants to control various aspects of their brain activity. So much so 

that neurofeedback now holds potential not only as a therapeutic option, but also as a method to 

change our conscious state and the very nature of our experience. In this seminal project that 

aimed to investigate how we can use neurofeedback to achieve altered states of consciousness, 

we unveiled a long and winding road to the target destination. With a series of experiments and 

literature reviews we straighten out this path and laid a solid foundation for follow-up 

investigations. 

 



We reached two primary conclusions. First, neurofeedback researchers should consider and 

attempt to control for the postures used in their experiments, especially when investigating 

domains such as meditation and hypnosis. If the experimental posture cannot match the 

ecological posture, than researchers should employ compensatory measures to control for mental 

alertness and physiological arousal. Second, neurofeedback modalities differ greatly in the 

degree of brain regulation and behavioural changes they can induce. We recommend that future 

neurofeedback experiments employ robust designs, as explained in our publications (e.g., 

Thibault, Lifshitz, and Raz, Cortex 2016) and account for postural discrepancies.  

 

With the generous support from the Bial Foundation we have been able to realize these projects 

and disseminate our findings in some of the top scientific outlets. We are grateful that 

the Bial Foundation has enabled us to publish eight articles in high-impact journals such as 

the Lancet Psychiatry, Brain, and American Psychologist. Furthermore, these funds have allowed 

us to present seven times across North America and Europe. Following the work we output under 

this grant, we have noticed a shift in the field of neurofeedback toward more critical perspectives 

and robust designs. This shift can only help expedite breakthroughs in our understanding of 

psychophysiology. As we outlined in our application to extend this grant (# 140/2016), we 

have many promising follow-up experiments that we would like to conduct once we secure 

additional funding. We would like to thank the Bial Foundation for their mission and look 

forward to continuing a productive collaboration in the future.  




