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1 Introduction

Ask students enrolled in higher education whether it would be convenient to learn a new skill 
unconsciously, without effort or concentration. The answer will likely be “yes.” And how about 
erasing the memory of a difficult breakup? To some people, such possibilities might constitute 
a violation of their ethical principles. To others, such possibilities might be appealing.a

Market trends have witnessed an increased interest from the general public in technologies that 
claim to read brain signals or stimulate the brain. There is now a significant “do-it-yourself” 
movement in which consumers self-administer brain stimulation (Zuk et al., 2018). According 
to one estimate, the neurointervention industry is expected to reach about $13 billion in 2022.b

Neurointervention technologies remain controversial, as many companies make unsubstantiated 
claims about their products. This has led to calls for regulation and oversight (Coates McCall 
et al., 2019; Wexler and Thibault, 2019). Additionally, the advent of novel neurotechnologies 
has led to calls for reconceptualization and updating of ethics guidelines (Yuste et al., 2017) and 
human rights (Ienca and Andorno, 2017) to consider these emerging technologies.

Although science fiction often portrays neurotechnology as a powerful tool for enhancement of 
mental function (e.g., Limitless) and memory editing (e.g., Eternal Sunshine of the Spotless Mind), 
current tools have relatively limited capabilities (Westbrook et al., 2020). Even so, newly emerging 
neurotechnologies can be used to attain meaningful behavioral and neural changes. Functional 
magnetic resonance imaging (fMRI)-based neurofeedback is one such powerful method.c

a https://www.npr.org/sections/health-shots/2018/09/18/646251015/this-rapper-tried-to-use-neuroscience-to-get- 
over-her-ex.

b https://www.prnewswire.com/news-releases/global-neurotechnology-market-2018-2022-largest-segment-is-
currently-neuromodulation-followed-by-neuroprosthetics-and-neurosensing-300775578.html.

c fMRI neurofeedback will hereby be referred to as “neurofeedback” unless stated otherwise.

https://www.npr.org/sections/health-shots/2018/09/18/646251015/this-rapper-tried-to-use-neuroscience-to-get-over-her-ex
https://www.npr.org/sections/health-shots/2018/09/18/646251015/this-rapper-tried-to-use-neuroscience-to-get-over-her-ex
https://www.prnewswire.com/news-releases/global-neurotechnology-market-2018-2022-largest-segment-is-currently-neuromodulation-followed-by-neuroprosthetics-and-neurosensing-300775578.html
https://www.prnewswire.com/news-releases/global-neurotechnology-market-2018-2022-largest-segment-is-currently-neuromodulation-followed-by-neuroprosthetics-and-neurosensing-300775578.html
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Some neurofeedback methods are particularly controversial because they are able to attain 
changes in brain function without the participant’s knowledge of the purpose of the training 
or awareness that they are being trained at all (Ramot et al., 2016). Implicit neurofeedback, 
in particular, can be used to change a participant’s preferences (Shibata et al., 2016) or 
potentially to incept memories (Amano et al., 2016; see deBettencourt and Norman (2016) 
for discussion on using implicit neurofeedback to implant memories for associations that 
were never consciously experienced). Press articles covering neurofeedback studies have 
noted that neurofeedback “sounds [..] like brainwashing,”d and that “if neurofeedback is 
to reach its potential, it demands we think carefully about the scientific and philosophical 
basis of human agency.”e As technology advances, it is expected that this method will 
become more powerful. Thus neurofeedback’s yet unleashed potential requires serious 
ethical consideration for researchers and clinicians. Indeed, the United States Presidential 
Commission for the Study of Bioethical Issues concluded in its 2015 report: “We should 
be open to the possibilities that neuroscience can bring, while ensuring the progress and 
responsible application of neuroscience to the legal system and policymaking.” The goal of 
this chapter is to discuss the ethical issues surrounding the use, and potential abuse, of fMRI 
neurofeedback.

Some of the issues are not entirely new or unique to neurofeedback as they overlap 
with other types of neurointervention technologies (hereby collectively referred to as 
neurotechnologies). Indeed, the debate as it pertains to other forms of neurotechnologies is 
very active. For an extended discussion of these issues, we refer readers to Linden (2014). 
It is not possible to do full justice to all the details and subtleties here, but our aim will be 
to highlight some of the main lines for argumentation as far as they are also relevant to 
fMRI neurofeedback. Identifying parallel problems will allow researchers and practitioners 
to get insight into how to best handle problems using existing theoretical resources 
before the problems arise, and will also help to identify issues that are unique to fMRI 
neurofeedback.

2 Ethical issues in common with other neurotechnologies

To understand what makes neurofeedback different from other neurotechnologies we first 
have to discuss what neurofeedback has in common with other neurotechnologies. Our focus 
here will be on ethical issues that also arise for so-called smart drugs (pharmaceuticals that 
putatively confer cognition-enhancing properties) and neurostimulation devices.

d https://spectrum.ieee.org/the-human-os/biomedical/imaging/dont-like-his-face-brain-train-the-feeling-to-be- 
more-positive.

e https://aeon.co/essays/neurofeedback-can-zap-your-fears-without-you-even-knowing.

https://spectrum.ieee.org/the-human-os/biomedical/imaging/dont-like-his-face-brain-train-the-feeling-to-be-more-positive
https://spectrum.ieee.org/the-human-os/biomedical/imaging/dont-like-his-face-brain-train-the-feeling-to-be-more-positive
https://aeon.co/essays/neurofeedback-can-zap-your-fears-without-you-even-knowing
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2.1 Cognitive liberty

The notion that individuals’ preferences and memories should not be altered without their 
consent is a central ethical concept. The right to control one’s own consciousness and thought 
process has been argued to be fundamental to just about every other freedom (Lavazza, 2018; 
Sententia, 2006). Sententia (2006) defined cognitive liberty as “every person’s fundamental 
right to think independently, to use the full spectrum of his or her mind, and to have 
autonomy over his or her own brain chemistry” (p. 223). Bublitz (2013, p. 251) argued that 
cognitive liberty requires both the liberty to change one’s mind and the protection of mental 
integrity. Cognitive liberty is an updated notion of “freedom of thought” that takes into 
account the ability to monitor and manipulate cognitive function by means other than one’s 
own (Bublitz, 2013; Sententia, 2006). As we will see later, what is meant by “by means other 
than one’s own” is itself subject to a person’s perception of their mental processes as truly 
being “their own.”

To begin to understand the importance of cognitive liberty, let us consider a study in which 
researchers collected end-user data of people that had undergone deep brain stimulation 
(DBS) to treat their depression (Klein et al., 2016). Some of these patients reported that after 
surgery they had begun to wonder whether the device produced emotions artificially. The 
patients also reported that they worried about lost agency over their actions and whether the 
way they interacted with others was actually due to the DBS device. As one patient recounted 
“your feelings do not get attributed to you, they are all due to the device” (Klein et al., 2016, 
p. 5). This study showed that neurotechnology can profoundly disrupt people’s sense of 
identity.

Of course, DBS treatments are invasive and therefore often the option of last resort for 
depression treatment. However, while neurofeedback is much safer from the perspective 
of physical risk, it shares with DBS a risk to cognitive liberty. That is, it is possible 
that by efficiently manipulating some emotions or preferences, or incepting memories, 
neurofeedback could cause participants to begin to question their autonomy and agency. 
It might also be possible that long-lasting mental and behavioral changes could be 
instilled in participants through neurofeedback. This may lead to compromised selective 
expression, and exemplifies that cognitive liberty may be relinquished to some extent 
for patients and participants undergoing neurofeedback. One review of the ethics of 
neurotechnologies and artificial intelligence by Yuste et al. (2017) noted that existing 
ethics guidelines are insufficient to address concerns such as these. Indeed, they assert 
that the Declaration of Helsinki, a statement of ethical principles involving human 
subjects, and the Belmont Report, a statement by the US National Commission of 
the Protection for Human Subjects of Biomedical and Behavioral Research, are both 
deficient in this regard.
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Cognitive liberty concerns whether the participants perceive their own mental process as 
their own. The related concept of mental integrity is slightly different because it is not 
so much concerned with how a person perceives their mental processes. Mental integrity 
refers to the right of an individual’s neural computation to be protected. Mental integrity is 
considered by the European Convention of Human Rights and the European Union Charter 
of Fundamental rights as a right to mental health that is understood more broadly as part 
of physical health by the World Health Organization. Given that the aim of neurofeedback 
is to alter neural and thereby mental function, issues of mental integrity and cognitive 
liberty are raised even when the induced alterations in mental function are desirable, as 
discussed next.

2.2 Enhancement

There are many neurotechnologies that aim to enhance cognition. Enhancement refers to a 
biomedical intervention that is meant to improve or reform the body or mind above physical 
or mental capacities (President’s Council of Bioethics, 2003). Such technologies include 
noninvasive neurostimulation devices such as transcranial magnetic stimulation (TMS) and 
transcranial direct current stimulation (tDCS). Noninvasive brain stimulation has been used 
with some success to enhance complex cognitive processes such as source memory retrieval 
and arithmetic ability (Snowball et al., 2013; Westphal et al., 2019). Pharmacological drugs 
for neuroenhancement were originally developed to ameliorate neuropsychiatric disorders 
but subsequently reappropriated to improve focus, attention, and emotion recognition in 
healthy people (Brühl et al., 2019; Buyx, 2015). Examples of these “smart drugs” include 
Methylphenidate (sold under the trade name Ritalin), Amphetamines (sold under the trade 
name Adderall, for example), and Modafinil (sold under the trade name Provigil).

Similar to these other neurotechnologies, neurofeedback has successfully been used to 
improve attention during a sustained attention task and to boost recall of specific positive 
autobiographical memories (deBettencourt et al., 2015; Young et al., 2017). While the 
neurofeedback effects demonstrated to date are relatively focal, in contrast to the domain 
general effects typically seen from smart drugs or neurostimulation, this does not mean that 
more pervasive effects will not prove feasible as neurofeedback development proceeds.

Although some forms of neurofeedback may eventually provide effective cognitive 
enhancement, there is concern that the efficacy of neurofeedback technologies that are publicly 
available will be overstated and marketed in a misleading way. This is a concern shared 
by other neurotechnologies. The potency of smart drugs and neurostimulation devices has 
sometimes been criticized as “hyped up” or exaggerated in the media (Brühl et al., 2019; Zuk 
et al., 2018). Actual evidence for positive effects of smart drugs remains mixed (Battleday and 
Brem, 2015; Brühl et al., 2019; Ilieva et al., 2015; Partridge et al., 2011). Nevertheless, public 
interest has been encouraged by media reports (Zuk et al., 2018). According to one estimate 
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the widespread use of smart drugs is increasing (Maier et al., 2018). Overall, studies have 
suggested that the public view neurotechnologies both with promise and concern (Bard et al., 
2018; Medaglia et al., 2019). As with other neurotechnologies, it is important that researchers 
engage in discussion with the media and regulatory agencies about the potential uses and 
misuses of neurofeedback, and work to minimize the impact of misleading media coverage. 
Clear communication with the public regarding the capabilities and risks of neurofeedback is 
critical to minimizing the potential for unethical application or marketing.

2.2.1 The enhancement/treatment and authenticity debate

One philosophical question that is relevant for all neuroenhancement is: How do we 
distinguish between enhancement and treatment? The assumption inherent in any answer to 
such a question is that a clear border exists between enhancement for nontherapeutic purposes 
and treatment of a medical condition. It is assumed that this border can be used to determine 
when neurotechnologies are regarded as treatment for an illness and or an intervention that is 
mainly for personal interest, which is not deemed to be absolutely necessary. But it is difficult 
to draw this border in absolute terms because it would depend on the elusive concepts of 
health and “disease” (Boorse, 2011; Schermer, 2015).

The President’s Council on Bioethics (2003) evaluated smart drugs negatively because of fears 
that users would exhibit changes to their personalities and thus become less authentic. The 
authenticity argument states that for a person to be authentic, they have to be true to oneself 
and feel that their feelings are their own. By altering cognitive states through smart drugs, 
people may become alienated from their own experiences and feelings, and have a distorted 
perception of the world from what it truly is (President’s Council, 2003). On this view, the 
consequence of a society-wide dissemination of smart drugs would be that by taking smart 
drugs as a “quick fix” one can no longer claim one’s own efforts and experiences as truly one’s 
own (Buyx, 2015). And some have argued that memory-editing drugs may pose a particular 
threat to one’s authenticity by deceiving oneself about the content of past experiences and 
influencing our “natural disposition” to respond to life events in a certain way (Erler, 2011).

However, for some people, using enhancement neurotechnologies may allow them to attain a 
sense of authenticity because they feel a detachment between their current self and their true 
self. Furthermore, another counterargument to those who view enhancement technologies 
as a violation of authenticity is that enhancement interventions exist on a continuum starting 
from coffee, to exercise, to brain surgery. It is not necessarily the case that just because these 
interventions are also used to treat illnesses that they cannot be ethical for enhancement purposes.

2.3 Safety and efficacy

Like any medical intervention, neurofeedback, smart drugs, and neurostimulation devices 
have faced questions of safety and efficacy. For example, because smart drugs were originally 
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developed for and trialed on clinical populations with diagnosed diseases, evidence is lacking 
on the risks of use in those that have not been diagnosed. Fortunately, due in part to its value 
as a basic science research tool, early development of fMRI neurofeedback has involved 
extensive research in cognitively healthy as well as patient populations. Including careful 
adverse events monitoring in these basic science neurofeedback studies, as well as the clinical 
studies, could ensure that knowledge regarding the safety and efficacy advance together for 
both patient and healthy populations.

Of particular ethical concern is the theoretical possibility that one could implement 
neurofeedback to worsen symptoms or impair cognition and behavior. Given our limited 
understanding of brain function, this can happen even when researchers have the best 
intentions. For instance, Ruiz et al. (2013) trained schizophrenia patients to achieve control 
of bilateral anterior insula cortex to improve facial emotion recognition (a common deficit 
in schizophrenia). While patients increased their ability to recognize disgust faces, their 
ability to recognize happy faces declined. As neurofeedback and our understanding of brain 
function develops, the capacity to target specific emotions and memories will increase, 
and accidental downstream effects will hopefully be minimized. There will, however, 
always be a potential for abuse. One can imagine a scenario in which neurofeedback 
originally developed to influence face preferences (Shibata et al., 2016) could instead be 
used by a malicious experimenter to try to make themselves more attractive to the subject. 
Similarly, neurofeedback could be used to influence preferences for specific brands of 
expensive products. Indeed, such a scheme could be accomplished if companies “sponsor” 
neuroimaging studies in return for a short neurofeedback scan that influences the subject 
without their knowledge. While this might seem unlikely, the research community needs 
to take such a possibility seriously and be prepared to thwart any insidious applications 
of neurofeedback technology. Doing so will involve proactively engaging with the public, 
regulators, and other researchers to create a dialogue around what types of interventions are 
considered ethically acceptable in which contexts.

One important distinction between neurofeedback and pharmacological drugs is that while 
the cognitive and behavioral impact of pharmacological drugs is continuously diminished 
by metabolic processes, neurofeedback can likely have more long-lasting effects. Recent 
studies have suggested that only a few neurofeedback sessions can induce effects that may 
last up to months or years (Megumi et al., 2015; Amano et al., 2016; Ramot et al., 2016, 
2017; Rance et al., 2018; Robineau et al., 2017), but further work is needed to clarify the 
persistence of effects (both desired and undesired) across applications (Paret et al., 2019; 
Rance et al., 2018; Thibault et al., 2018). This is relevant to both the clinical efficacy of 
a neurofeedback-based intervention and the potential risks it engenders. More data on 
persistence of effects are necessary from an ethical perspective to evaluate the costs and 
benefits of neurofeedback interventions.
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2.3.1 Enhancing the developing brain

Cohen-Kadosh et al. (2012) pointed out that great caution should be taken with regard to 
neurostimulation of the developing brain. Enhancing some abilities through neurostimulation 
may come at a cost for some other modalities, which may cause interference with normal 
brain development (Doruk Camsari et al., 2018; Hameed et al., 2017; Maslen et al., 2014). 
This reasoning has led to the suggestion that brain stimulation for enhancement purposes 
should be delayed until “the child has reached a state of maturity” (Maslen et al., 2014, 
p. 2). Similar concerns have been raised against shaping not-yet-mature brain networks 
of children through neurofeedback (Cohen-Kadosh et al., 2016). On the other hand, early 
intervention has potential to yield the greatest lifelong benefits by harnessing the high 
plasticity of childhood, and steering development at an early stage onto a more positive 
trajectory. Thus developmental applications of fMRI neurofeedback are potentially valuable 
but also potentially dangerous, and the need for careful monitoring of long-term outcomes is 
particularly acute in pediatric populations.

2.4 Reversibility of effect

The reversibility of the effect is directly related to Bublitz’s first dimension of cognitive 
liberty, namely the liberty to change one’s mind. Just as it is important to demonstrate 
that neurofeedback can induce an effect, it is important to determine if the effect can be 
suppressed or eliminated entirely with reverse feedback. This is especially relevant given 
reports that just a few training sessions can have lasting effects (Amano et al., 2016; Megumi 
et al., 2015; Ramot et al., 2017). There is also practical value in being able to “cancel out” 
any negative behavioral side effects of neurofeedback, should these occur.

Very little is known regarding the reversibility of neurofeedback effects. Cortese et al. 
(2017) demonstrated that it is possible, by training brain patterns in the opposite direction, 
to reverse to some extent the behavioral changes induced by neurofeedback within single 
participants. Participants were first trained, via decoded neurofeedback, to either up-regulate 
or down-regulate their level of confidence in a perceptual task, and then they were trained to 
modulate confidence in the opposite direction. The results showed evidence for “anterograde 
interference” such that previous learning interfered with subsequent learning. Indeed, once 
participants had been trained to up-regulate their confidence, retraining in the opposite 
direction only canceled out 20% of this effect, indicating that 80% of the original effect 
size persisted despite the experimenters’ efforts to override it. Of course, the efficacy of 
cancellation is likely dependent on the number of induction training and reverse training days. 
Furthermore, reversibility is likely to be highly context dependent, varying depending on the 
circuitry trained and the timing between training and reverse training sessions. More studies 
are needed that investigate reversibility of neurofeedback effects. In particular, such work will 
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be valuable for neurofeedback interventions that are demonstrated to be effective before they 
are considered/adapted for widespread application.

3 Distinct ethical issues raised by fMRI neurofeedback

In comparison with other noninvasive neurointerventions (pharmaceutical and transcranial 
stimulation-based approaches), neurofeedback effects on the brain can be targeted much 
more flexibly. That is, detailed and complex spatial patterns of brain activity (or functional 
connectivity) corresponding to biomarkers of the mental functions of interest can be trained 
to be induced by participants via fMRI neurofeedback. Although invasive neurostimulation 
(e.g., intracranial recordings) can achieve superior spatial specificity, fMRI neurofeedback 
is unique in that it may have the potential to effectively mold very precise spatial patterns of 
brain activity/connectivity in a completely noninvasive manner, and even without awareness 
of training occurring (Ramot et al., 2016; Taschereau-Dumouchel et al., 2018a). To the extent 
that this capacity translates into a powerful tool for mental control, existing ethical concerns 
may be amplified, and unique ethical issues may be raised.

For the purposes of this discussion, it is helpful to distinguish two types of ethical 
concerns associated with fMRI neurofeedback. One is concerned with the social impact 
of mental influence if exerted broadly across a large population of people. Even a small 
influence, of little note to an individual neurofeedback participant, could have dramatic 
repercussions on society if leveraged across large numbers of people. The second concerns 
the well-being of the trained individuals, and potential violations of their individual 
autonomy due to substantial influence over their personal mental, emotional, or perceptual 
function. These two possible concerns are described in more detail below, after which 
we discuss implicit neurofeedback, a form of neurofeedback that highlights these ethical 
challenges.

3.1 The potential for broad social impacts of neurofeedback

We believe that fMRI neurofeedback itself is extremely unlikely to be used for broad social 
influence, given the expense and inconvenience of MRI scanning. However, the advances it 
provides in terms of identifying neurofeedback targets that can be trained to influence specific 
aspects of mental function, if translated to other neuroimaging modalities, could pose risks 
of this nature. This concern is thus based heavily on speculation regarding the development 
and translation of neurofeedback. However, it is important to note that translation of 
neurofeedback to other modalities is currently a research area of great interest (Keynan 
et al., 2016, 2019; Meir-Hasson et al., 2014, 2016). In this current age where technical 
developments can sweep through society more quickly than ethical frameworks can develop, 
some thoughtful speculation and discussion is healthy for ensuring socially responsible 
development.
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In a talk in 2019 at Harvard University, Mark Zuckerberg reported that Facebook is 
working on developing a portable headset for monitoring brain function. To quote from a 
Wired article reporting on this talk “The technology that Zuckerberg described is a  
shower-cap-looking device that surrounds a brain and discovers connections between 
particular thoughts and particular blood flows or brain activity, presumably to assist 
the glasses or headsets manufactured by Oculus VR, which is part of Facebook.”f It’s 
conceivable the public would embrace this new technology when marketed for its 
convenience and entertainment value. However, the linking of a device that monitors brain 
function to a feedback display via glasses or headsets would provide the full technological 
setup for neurofeedback. Successful dissemination of such a device to large numbers of 
people (presumably, the goal of Facebook) would create a science fiction-like scenario 
with frightening potential for social influence and control. Of course, the ability of the 
device to accurately measure complex brain patterns of relevance to mental function would 
be a critical limiting factor over its ability to influence people’s thoughts and behaviors. 
However, even a small influence in a critical direction applied to large numbers of people 
can be very dangerous. Apparently, the device already “can distinguish when a person 
is thinking of a giraffe or an elephant based on neural activity.”f In short, the potential 
for development along these lines is concerning. Communication with the public and 
government regulatory agencies regarding these risks, and the development of guidelines 
for preventing abuse of such technologies are needed.

3.2 Potential risks to individual subjects

The origins of neurofeedback trace back to operant autonomic conditioning. During the 
early days of electroencephalography (EEG) neurofeedback, many enthusiasts hailed EEG 
neurofeedback as a technology that could allow “mind-expansion” (Kimmel, 1986). While 
research in this area has progressed, in reality, EEG neurofeedback applications have to date 
proven more limited. It is similarly difficult to foresee how potent fMRI neurofeedback will 
prove to be as a tool for molding mental function. Although recent coverage has noted that 
fMRI neurofeedback “sounds... like brainwashing”d it has not been demonstrated as enabling 
effective control over the complex thought patterns of an individual to the degree typically 
associated with brainwashing, that is, to the degree that an individual’s strongly held views 
can be reversed or specific thoughts can be introduced against their will. However, it has been 
demonstrated that learned associations can be trained into an individual via neurofeedback 
(Amano et al., 2016), that preferences can be altered (Shibata et al., 2016), and perceptions 
can be biased (Shibata et al., 2011). Thus fMRI neurofeedback can be used to alter some 
aspects of mental function, and an important question is whether further development will 
lead to a more powerful tool for mind control.

f https://www.wired.com/story/zuckerberg-wants-facebook-to-build-mind-reading-machine/.

https://www.wired.com/story/zuckerberg-wants-facebook-to-build-mind-reading-machine/
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To place this issue in context, it is important to note that the ability to influence mental 
function is not unique to neurofeedback, as basic psychological methods can also mold mental 
function. For example, researchers have demonstrated the ability to create a “false memory” 
simply by using suggestive techniques (Loftus, 2005). In one study, researchers falsely 
suggested to their participants that the participants had become ill after eating an egg salad as a 
child (Geraerts et al., 2008). This led some participants to confidently believe that they indeed 
had experienced this childhood event at a 4-month follow-up, even though they had previously 
denied having experienced it. What is more, the 4-month follow-up found that believers’ 
eating behaviors and preferences reflected an intent to avoid egg salad. Geraerts et al. (2008) 
comment in their discussion that researchers should consider that they may induce lasting false 
beliefs in their participants that “have consequences not only for attitudes, but also behavior” 
(p. 752). We note that this is very similar to concerns that have been raised for neurofeedback 
protocols (Nakazawa et al., 2016; Sadato et al., 2019; see also Horstkötter, 2016).

Given that neurofeedback appears capable of inducing long-lasting behavioral, perceptual, 
and cognitive changes, researchers should give ethical consideration to the ways in which 
they develop and implement this technology. Important questions to answer include: 
Should neurofeedback be allowed to “enhance” cognitive capacity in healthy humans 
(e.g., to boost one’s ability to flexibly shift or sustain attentional focus, maintain and 
manipulate information in working memory, form and retrieve long-term memories, make 
more rational decisions, etc.)? Should researchers be allowed to create artificial memories 
(e.g., to help people replace fearful associations with safer ones) and change preferences 
(e.g., to promote healthier eating habits or diminish harmful addictions)? Should 
researchers be allowed to manipulate emotions, and if so, which ones and in what contexts 
(e.g., to reduce sadness in depressed patients or worry in patient’s anxiety disorders)? 
What are the long-term effects of such manipulations? What could constitute an adverse 
effect? What impacts could wide dissemination of neurofeedback have on societal norms 
and values? And how could neurofeedback be abused in the wrong hands? These are all 
important ethical questions that have yet to be fully explored and answered for modern 
fMRI neurofeedback.

3.3 Implicit neurofeedback

As discussed before, some forms of neurofeedback involve keeping the participant unaware 
of the precise nature of the intervention (e.g., Shibata et al., 2011). Implicit neurofeedback 
studies are important because they prevent participants from knowing the experimenters’ 
goals and having expectations regarding the outcome of the training. In this way, implicit 
neurofeedback protocols can avoid potential confounds such as demand bias (participants 
reporting what they think the experimenter is hoping they will report) and placebo effects 
(participants experiencing effects consistent with their expectations). Theoretically, implicit 
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neurofeedback may also be more efficient for some applications, by allowing subconscious 
learning to proceed without the interference of conscious effort (see, e.g., Sepulveda et al., 
2016). Finally, implicit neurofeedback can be used in populations that cannot follow complex 
instructions or as an alternative for populations that find explicit therapeutic training aversive 
(Watanabe et al., 2017).

Implicit protocols have been demonstrated to induce effects with high degrees of behavioral 
and neural specificity (Ramot et al., 2016, 2017; Shibata et al., 2016, 2019). For example, 
using implicit neurofeedback, Shibata et al. (2016) showed that preferences for faces 
can be manipulated unconsciously with a high degree of specificity (i.e. by modulating 
different patterns of neural activity representing opposite directions of facial preferences 
within a brain region) and other studies have demonstrated implicit neurofeedback can 
be used to unconsciously manipulate perceptual confidence (Cortese et al., 2016) and 
physiological threat responses toward animals and objects (Taschereau-Dumouchel et al., 
2018a). Emerging neurofeedback capabilities will be able to target more complex neural 
systems (Bassett and Khambhati, 2017), albeit within the limits to which the brain is 
robust to perturbations introduced through neurofeedback. Implicit neurofeedback can 
thus have nontrivial effects on mental function, and researchers who wish to use implicit 
neurofeedback are faced with unique challenges in obtaining informed consent from 
participants.

Informed consent is the process by which a researcher or clinician gets permission from 
a participant or patient before conducting an intervention. The Belmont Report specifies 
informed consent as part of a fundamental ethical principle for human subjects’ research. 
Most, if not all, institutions consider the Belmont Report an essential reference for the 
institutional review board (IRB). Informed consent can only be obtained if the participant 
is of sound cognitive capacity and is provided with sufficient information to understand the 
potential risks and benefits of participation. Of course, implicit neurofeedback complicates 
the underlying assumption that the participant has sufficient information to evaluate the 
potential risks and benefits.

Given that many research studies rely on a degree of deception or secrecy of purpose, there is 
some allowance for this in the informed consent process. Deceptive instructions or omissions 
of information during the consent process can be authorized if it is deemed that the value 
and importance of a study can justify it, if the results cannot be obtained in some other way. 
However, sufficient information must still be provided to the participant to allow them to 
assess the risks and benefits of participation. In a situation involving deception or omission, 
it is important to consider that information that is sufficient for most people may not be 
sufficient for everyone.

For example, in the egg salad study discussed before, if a participant recently became 
vegetarian and disliked beans and dairy products, eggs could be a critical source of protein 



326 Chapter 14

and the vitamin B12 for them. Inducing an aversion to egg salad in this case could actually 
result in a nontrivial dietary limitation. In short, the more information that is withheld, and 
the more deception that is used, the more risk there is that some participants may be unable to 
accurately assess risk of participation.

It is important to note that the degree to which implicit neurofeedback involves 
withholding information from participants can be considered as a continuum. On one 
end of the continuum are studies where participants do not even know that they are 
receiving neurofeedback. For example, Ramot et al. (2016) led participants to believe 
that they were participating in a neuroimaging study of reward responses in the brain, 
so participants had no idea that the reward they were receiving was dependent on their 
brain activity. More often, in implicit neurofeedback studies, participants are made aware 
of the fact that mental function is being trained by neurofeedback, but they are given 
no information about what aspect of mental function is trained (Amano et al., 2016; 
Cortese et al., 2016; Shibata et al., 2011, 2016). In some cases, participants may be given 
information regarding multiple possible types of mental function that may be trained, but 
are blinded to which type of training they will receive. Note that this approach involves 
a similar level of deception/omission as so-called explicit neurofeedback protocols that 
involve blinded control groups. This highlights that the explicit/implicit distinction may 
be less relevant from the perspective of ethical considerations than the degree of withheld 
information which varies in a dimensional sense across all neurofeedback protocols from 
those with full disclosure to those where participants do not even know they are being 
trained.

The more information is withheld during the consent process, the more responsibility 
falls on researchers and clinicians to avoid unwanted outcomes (Nakazawa et al., 2016). 
Extreme caution should be taken to ensure that the potential for any adverse effect is kept 
at minimum. One way to enhance informed consent but keep the participant unaware of the 
precise nature of the intervention is to let the participant know that the experiment involves 
placebo-controlled groups or conditions. This is a common procedure in clinically oriented 
neurofeedback experiments (Taschereau-Dumouchel et al., 2018a; Young et al., 2017; 
Zweerings et al., 2019).

Standards and guidelines set by IRBs and professional associations will often require that 
researchers debrief their study participants after completing the study. In the research context, 
a debriefing following participation is often included that provides more information to 
the subject regarding their training and its purpose. In cases of double-blind experiments, 
debriefing takes place once blinding is no longer critical for scientific purposes. In a 
nonresearch context, the mental aspects trained, and the purpose of that training should also 
be disclosed.
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4 Conclusion

The goal of neurofeedback is to train participants to control specific aspects of brain 
activity. This technology is still in its infancy but holds much promise. It has potential as a 
personalized intervention tool for mental disorders which can be tested in double-blind and 
placebo-controlled settings (Chiba et al., 2019; Taschereau-Dumouchel et al., 2018b; Zahn 
et al., 2019). The ability to make causal inferences allows researchers the capacity to better 
study the relationship between the brain and behavior. Neurofeedback is only limited by how 
effectively its brain activity targets can be trained and how causally related those targets are to 
the mental functions of interest.

With new opportunities come new ethical challenges. The potential of neurofeedback to mold 
mental function raises concerns regarding threats to cognitive liberty that may be amplified 
over other noninvasive neurotechnologies if neurofeedback training proves capable of more 
effectively targeting specific mental processes. As fMRI neurofeedback is translated to more 
portable, accessible modalities, concerns arise regarding its potential social impact. Evidence 
for the efficacy of implicit neurofeedback amplifies these risks as well as risks to individual 
participants. Furthermore, the risk-benefit ratio of different neurofeedback protocols is not 
well understood given the limited data currently available on the longevity and reversibility of 
effects. In short, fMRI neurofeedback involves complex ethical concerns that deserve attention 
from the researchers who are developing its capacities for scientific and clinical application, 
and that should be communicated clearly to participants and to the public more generally.

The aim of this chapter is not to provide guidelines for the ethical conduct of fMRI 
neurofeedback research, which in our opinion, should be developed with input from the 
broader community. However, we can propose a few simple steps that could be helpful in 
fostering positive development. These include the collection of more follow-up data, not only 
monitoring persistence of the intended effects on mental function, but also incorporating 
broad screening of adverse events in both basic science and clinical studies. Careful 
management of prospective participants’ expectations before neurofeedback training is also 
important. Fortunately, this is generally well managed at present due to existing regulatory 
frameworks governing human subjects’ research. Finally, greater communication is needed on 
ethical issues between researchers, regulators, and the public.

As acknowledged early on, this is not intended as a comprehensive review of all the relevant 
ethical issues. Ethical issues are at risk of being overlooked as researchers often fail to 
imagine the personal impacts on participants or the potentially far-reaching consequences of 
increased dissemination in the context of technological development. However, it is important 
that we anticipate and reflect upon these issues before they become problematic. We hope this 
will provide a starting point for fruitful discussions on the ethics of fMRI neurofeedback.
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