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Locked Out

Ignorance and Responsibility in Brain–Computer Interface 
Communication in Locked-in Syndrome

VERONICA JOHANSSON, SURJO R. SOEKADAR, and JENS CLAUSEN

Abstract: Brain–computer interfaces (BCIs) can enable communication for persons in severe 
paralysis including locked-in syndrome (LIS); that is, being unable to move or speak while 
aware. In cases of complete loss of muscle control, termed “complete locked-in syndrome,” 
a BCI may be the only viable solution to restore communication. However, a widespread 
ignorance regarding quality of life in LIS, current BCIs, and their potential as an assistive 
technology for persons in LIS, needlessly causes a harmful situation for this cohort. In addi-
tion to their medical condition, these persons also face social barriers often perceived as 
more impairing than their physical condition. Through social exclusion, stigmatization, 
and frequently being underestimated in their abilities, these persons are being locked out in 
addition to being locked-in. In this article, we (1) show how persons in LIS are being locked 
out, including how key issues addressed in the existing literature on ethics, LIS, and BCIs 
for communication, such as autonomy, quality of life, and advance directives, may reinforce 
these confinements; (2) show how these practices violate the United Nations Convention 
on the Rights of Persons with Disabilities, and suggest that we have a moral responsibil-
ity to prevent and stop this exclusion; and (3) discuss the role of BCIs for communication as 
one means to this end and suggest that a novel approach to BCI research is necessary to 
acknowledge the moral responsibility toward the end users and avoid violating the human 
rights of persons in LIS.

Keywords: neuroethics; locked-in syndrome; brain–computer interfaces; responsibility; 
ignorance; assistive technology; human rights; disability

Introduction

“To be buried while alive is, beyond question, the most terrific of the…extremes 
which has ever fallen to the lot of mere mortality,”1 Edgar Allan Poe once pro-
claimed in The Premature Burial. Poe had the literal meaning in mind; however, 
persons with locked-in syndrome (LIS), and particularly those with completely 
locked-in syndrome (CLIS), have a similar fate. They are conscious, but trapped 
within their own bodies, unable to move or communicate. With the development 
and refinement of the use of brain–computer interfaces (BCIs),2 an elaborate assis-
tive technology that provides an interface between a human being and a computer 
or a machine, hopes have been raised that this confinement may be breached.

A BCI for communication3 detects and uses different patterns of electric, 
magnetic, or metabolic neural activity to control an external device; for example, 
a computer cursor or a visual P300 speller, thereby overriding the need for residual 
movement to connect with the outside world. The BCI can be invasive or noninva-
sive. Invasive interfaces are surgically implanted, although with a varying degree 
of invasiveness dependent on where the electrodes are placed, whereas noninva-
sive interfaces are externally attached to the scalp. Although implantable BCIs can 
obtain neural signals of higher quality, this advantage has to be weighed against 
the risks involved in a surgical procedure, such as the use of anaesthesia, for which 
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risks are significantly higher for LIS patients, and risks of infections or of damaging 
neural tissue. Therefore, even though the neural signals recorded by noninvasive 
BCIs have important limitations, for example that they must pass through bone 
and skin tissue before being picked up, which lowers signal quality and thereby 
may decrease the system’s reliability to sort out the needed signals,4 noninvasive 
BCIs have, hitherto, dominated the research on BCIs for communication.

Although the first successful attempts to use BCIs for communication in severely 
disabled patients had already been undertaken in the 1990s,5 this field of BCI 
research has led a marginalized existence in the shadow of the hyped fields of 
neural prosthetics and brain stimulation devices. As a consequence, few medical 
professionals or potential users, are aware of BCIs’ potential as an assistive tech-
nology. Even fewer have firsthand experiences of using a BCI for communication, 
because this access in most cases requires participation in a research study.

We will argue that there are compelling ethical reasons to raise the awareness 
both of LIS, and of BCIs for communication. The current ignorance strikes a per-
son in LIS twofold. First by the impairments caused by the medical condition, but 
in addition, by being locked in, the person also faces substantial social prejudices 
and confinements, here captured in the figurative expression of being “locked 
out.” The main contributions of this article are (1) to show how persons in LIS are 
being locked out, including how key issues addressed in the existing literature on 
ethics, LIS, and BCIs for communication, such as autonomy, quality of life and 
advance directives, may reinforce these confinements; (2) to show how these 
practices violate the United Nations Convention on the Rights of Persons with 
Disabilities, and to suggest that we have a moral responsibility to prevent and 
stop this exclusion; and (3) to discuss the role of BCIs for communication as one 
means to this end, and to suggest that a novel approach to BCI research is neces-
sary to acknowledge the moral responsibility toward the end users and avoid vio-
lation of the human rights of persons in LIS.6

Life with LIS

LIS is a very rare condition. Although the actual incidence and prevalence are 
unknown, one rough estimate of the latter is 1–2 cases per 1,000,000.7 Brain stem 
stroke is the most common etiology, though more than 20 causes have been doc-
umented, such as advanced stages of amyotrophic lateral sclerosis (ALS), head 
trauma, tumors, and infections.8 In the medical literature, the term "LIS" was 
introduced by Plum and Posner in 1966, although the condition is occasionally 
referred to as "pseudocoma" or “de-efferented state." The condition is, after 
Bauer 1979, divided into three varieties: classical, total, and incomplete.9 Classical 
LIS is characterized by muteness10 and close to complete paralysis, in which 
only vertical eye movements and blinks remain under voluntary control. In total 
LIS, also known as complete LIS (CLIS),11 even these limited displays of motor 
control are lacking, leaving the person completely paralyzed. In incomplete LIS, 
the person has some residual voluntary muscle control in addition to eye move-
ments, such as lip twitches, control over fingers, or neck movement. In all variet-
ies of LIS, the persons are still aware, with intact cognitive functions, but because 
of the paralysis, they are unable to break their bodily confinement. In addition, 
most still see, hear, smell, taste, and experience heat and cold, as well as pain and 
pleasure.12
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Being cognitively intact has been a defining criterion differentiating CLIS from 
disorders of consciousness. However, to establish if a person assumed to be in 
CLIS de facto has these functions is another matter, because no communication, 
and thereby social interaction, is possible. Because of previous failures to reestab-
lish communication with persons in CLIS, it has been hypothesized that the lack 
of motor control could lead to a “cessation of voluntary cognitive activity, goal 
directed thinking and imagery.”13 In short, if brain activity and behavioral 
responses are no longer connected to or acted out as a consequence of conscious 
decisions and intentions, over time, the actual ability to form intentions; that is, 
the will, will vanish. This hypothesis is referred to as the “extinction of goal 
directed thinking,” or the “extinction of thought.”14 However, in 2014, it was 
reported that communication was reestablished with a woman who had been 
in CLIS for more than 2 years.15 In this study, a near-infrared spectroscopy 
(NIRS)-based BCI was used, which measured frontocentral oxygenation changes 
in response to questions requiring a “yes” or “no” thought. The same research 
group later duplicated these promising results in four CLIS patients.16 An impor-
tant technical advancement in the latter study was the combination of NIRS and 
electroencephalographic (EEG) recordings, which allowed for sleep detection to 
increase the BCI system’s reliability. Although in LIS circadian rhythm is largely 
preserved, continuous electrocorticography (ECoG) sleep polysomnographic 
recordings in a CLIS patient showed increased fragmentation of slow wave sleep 
(SWS), even during daytime hours.17 As a consequence, BCI communication can be 
substantially impeded in CLIS because of short episodes of SWS, sometimes lasting 
only a few tens of seconds. Three of four study participants answered open ques-
tions containing quality of life estimation repeatedly with a “yes” response, so that 
the authors inferred a positive attitude toward the present situation and toward life 
in general. Although only reporting on five cases, these studies remain an important 
proof of principle, as they show that there are people in CLIS who are cognitively 
intact, thus confirming that CLIS is a valid diagnosis. With this said, there could still 
be persons in CLIS who will not be able to use a BCI to enable communication, 
either because of the shortcomings in present day BCIs, or because of medical chal-
lenges such as an “extinction of thoughts” or severe sleep fragmentation.

Only 13% of the persons in LIS survive the first 4 months, but once the acute 
phase has passed, there can be a life expectancy of decades unless other medical 
complications occur.18 It is important to keep in mind that these survival rates are 
likely to increase over time as a result of technological and medical advances, 
and that the prognoses may differ among different etiologies.19 For example, of 
all individuals diagnosed with ALS, only 10–20% survive the first 60 months, 
although nowadays a life expectancy of decades is not uncommon, as ALS per se 
is not a deadly disease. The cause of death in ALS does not directly relate to the 
degradation of the upper and lower motor neurons, but rather to the clinical com-
plications associated with this process; that is, respiratory failure, infections,  
or poor circulation caused by immobilization.20 Although LIS can be transient, 
some—albeit few—patients do recover, LIS is generally chronic, and only minor 
improvements are expected: to regain a fraction of an inch in limb control, to eat 
without using a gastric tube, or to breathe without the help of a respirator. Once 
initial hospital care is completed, only a minority of the patients stay as permanent 
hospital residents or move to nursing homes. The majority return to their homes 
where they receive full care by hired assistance, volunteers, or family and friends. 
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By adapting the home environment and providing wheelchairs and assistive 
technology such as computer-assisted communication, persons in LIS can start to 
reclaim their lives.21

Several studies have shown that a maintained ability to communicate is para-
mount for the well-being and quality of life experienced by persons in LIS. Some 
persons still have the ability to exercise a rudimentary form of communication. 
“Yes,” for example, can be expressed either by one wink of the eyes or by looking 
up, and “no” can be expressed by two winks or looking down. There are also assis-
tive technologies such as communication boards or speech-generating devices. 
The former require intact eye movements, and can either be used by gazing at 
letters, symbols, and phrases written either on a piece of paper or a whiteboard, or 
on the screen of an electronic device, and then scanned and read out by a speaking 
partner. There is also the more expensive option in which the speaking partner is 
substituted for by an eye-tracking system. This high-tech system then facilitates 
communication by generating either written text or an electronic voice, a so-called 
“speech- generation device.” A well-known user of the latter is physicist and ALS 
patient Stephen Hawking, although his speech-generation device was first maneu-
vered by a joystick and later upgraded to recognize minute facial movements (this 
only works for persons with incomplete LIS, as some residual muscle control is 
required). Although these communication aids are beneficial for many persons in 
LIS, they have important limitations, such as being gaze dependent. If the control 
of eye movement is lost, so is the ability to communicate.22

Although many persons with LIS initially feel despair over their condition, 
studies on quality of life show that most, over time, express that they are content 
with their lives.23 Contrary to many outsiders’ assumptions when imagining a life 
with LIS, it consists of family life, including everything from obligations as a 
spouse or parent to an active sex life, going out, pursuing hobbies and meeting 
friends, or for some persons in LIS, returning to work.24 Philippe Vigand, locked 
in and author of the book Only The Eyes Say Yes: A Love Story, describes some of his 
activities as being playing bridge with friends, dabbling in the stock market, read-
ing books and newspapers, going to dinner parties (and occasionally getting tipsy) 
and the cinema, participating in hunting trips, and watching soccer, in addition to 
writing a book, fathering a child, and contemplating getting a job.25

Although the degree of activity varies from person to person, a study from 2003 
mentions that 11 of the 13 participants left their home more than once a month, and 
were engaged in activities such as “TV, radio, music, books on tape, visiting with 
family, visit vacation homes, e-mail, telephone, teaching, movies, shows, the beach, 
bars, school, and vocational training.”26 An attorney in LIS continued to give legal 
opinions, another person used a speech-generating device to teach spelling and math 
to third graders, and yet another was such a big fan of a local college team that he was 
depicted in a news piece. The article further reports that the interviewers who con-
ducted the study of this cohort of persons in LIS were “impressed with the real and 
substantial social interactions;” for example, that “the patients were actively involved 
in family and personal decisions, and that their presence was valued at home.”27

Locked Out

It is now 2017. More than 25 years have passed since the Americans with Disabilities 
Act was ratified, and it was 11 years ago that the United Nations General Assembly 
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adopted the Convention on the Rights of Persons with Disabilities and its Optional 
Protocol. Because the latter is globally ratified, our argumentation rests on this 
convention. Key features in the United Nations convention include promoting 
dignity, autonomy, and independence; nondiscrimination, ranging from a right 
to life, equal recognition before the law, and accessibility, to fighting stereotypes, 
prejudices, and harmful practices; acknowledging and promoting the abilities and 
contributions of persons with disabilities in their families and local communities 
and as citizens; and the importance of depicting these abilities and contribu-
tions of persons with disabilities in the media. Nevertheless, prejudice, discrimi-
nation, and exclusion are still a reality not only for persons with LIS, but also for 
the roughly 650,000,000 people worldwide living with a disability.28

Although the available accounts of life with LIS from an insider’s perspective 
are rare, they have one theme in common: once a person enters LIS, most people 
no longer treat that person as a person. This change is manifested in the person in 
LIS being avoided or ignored; in the assumptions that muteness and paralysis 
imply being mentally impaired or being devoid of feelings or preferences; or  
in that person being perceived to be, and therefore treated as, a vegetable. Julia 
Tavalaro, who wrote Look Up for Yes, was for more than 6 years referred to as "the 
vegetable" by the employees of the chronic care ward where she was staying,29 
Jean-Dominique Bauby, author of the international bestseller The Diving Bell and 
the Butterfly, declares “henceforth I belonged on a vegetable stall and not to the 
human race,”30 and Phillipe Vigand explains that one of his main reasons for writ-
ing a book depicting life with LIS was “to alter the way others look at me, so that 
I’m no longer considered a vegetable.”31

Examples of not being acknowledged as an autonomous person include being 
avoided or overlooked by strangers, former friends, or family members, as well as 
by some healthcare professionals. This loss of acknowledgement was also pointed 
out by Martin Pistorius,32 author of Ghost Boy, who confirms that people rarely 
speak to him directly: “Most people speak at, around, over or about me, so every-
body who treats me like a cut above the average root vegetable is unforgettable.”33 
A similar experience is described by Vigand’s wife “It was my duty to repeat over 
and over again to the doctors and nurses that it was their responsibility to talk to 
him, or at least treat him like a full-fledged human being, one more sensitive than 
most, a man with his own sufferings, desires, and needs.”34 Or as Vigand himself 
adds, “Nothing is worse than being taken for a baby when you are in your thirties.”35 
Other examples that also show the failure to treat persons with LIS as sentient 
beings with interests and preferences worthy of being taken into account are serv-
ing them meals either too hot or too cold, giving them ice cold showers or leaving 
them in cold baths, placing them in uncomfortable positions or neglecting to ask 
if they are in pain, shutting off the TV in the middle of an important soccer game, 
or leaving them in front of a movie that they have no interest in watching.36 
Although these accounts are anecdotal, they nevertheless indicate that some per-
sons in LIS have had their fundamental human rights, such as respect for dignity 
and autonomous choices, violated.

Lacunas in the Academic Debate on Ethics, LIS, and BCIs for Communication

According to the few accounts available, persons with LIS often face stereotypes, 
prejudices, and harmful practices in their everyday lives. It is important to 
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recognize that such biases are present and are also expressed among healthcare 
professionals and researchers, and in the contemporary academic literature on 
ethics, LIS and BCIs for communication. As a consequence, we—both healthcare 
professionals and researchers—must not forget to reflect on how we approach and 
portray persons with LIS so that we do not unintentionally uphold stereotypes 
and prejudices. In other words, we must pay attention to the explicit and implicit 
messages conveyed in the research we pursue and publish. As regards persons in 
LIS, how issues such as quality of life and advance directives are approached and 
discussed is one example, whereas actively avoiding a one-sided depiction of life 
in LIS is another.

Advance directives are probably the most discussed ethical concern raised by 
BCIs for communication. Many healthy individuals do express, in a living will, 
directly to family or friends, or as participants in a research study, that life sup-
port, in case of a fatal disease such as ALS or for medical complications resulting 
in LIS, should not be employed, or conversely, that the withdrawal of such treat-
ments could be morally justified.37 This view is shared by many clinicians. In addi-
tion, it has been shown that clinicians often tend to make medical decisions 
accordingly. By limiting life-sustaining treatments and telling the patient’s signifi-
cant others that death is a preferred option, many patients with LIS are faced with 
a premature death.38 In a study in which German neurologists were interviewed, 
10% out of 154 neurologists said that life-sustaining treatment should always be 
limited for persons in LIS, and 81% agreed that it should be limited under certain 
circumstances; only 9% stated that life-sustaining treatment should never be 
limited for persons in LIS.39 However, several studies have shown that these 
preferences seldom correspond with the preferences expressed by persons in 
LIS; once the initial phase of adaptation and despair has faded, most still find life 
worth living.40

The validity of advance directives for persons in LIS has been problematized 
and questioned, because research has shown that most persons in severe paralysis, 
regardless of previously held preferences against such a life, are leading fulfilling 
lives. What foremost have been debated are the ethical and legal implications of 
the right to terminate one’s life, expressed through an advance directive, versus 
the right to life; for example, issues regarding the legal status of changes to a living 
will communicated through a BCI alone.41 We do not question that these issues 
need ethical elaboration and analysis, but the debate thus far has lacunas that also 
need to be addressed. We will argue that there are compelling reasons to broaden 
the current perspectives. Primarily, we call for an explicit discussion regarding the 
actual content of the lives persons with LIS lead, instead of only providing the 
numbers from studies showing that the vast majority of these persons are content 
with their lives. In short, we suggest that there are compelling ethical reasons to 
acknowledge that life with LIS not only revolves around the physical impairment. 
As previously mentioned, it can also include being a spouse, having an active sex 
life, being a parent, managing a job, meeting with friends, and pursuing hobbies.

The first argument is pragmatic. By emphasizing all those things that a person 
actually can do while being locked in, it is more likely that the public, healthcare 
professionals, and other stakeholders will be able to comprehend and relate to 
reports of high self-esteem and satisfaction in private as well as in work life.42 
Academic discourse is one way to get the message across; however, public aware-
ness campaigns and firsthand accounts depicted in media, books, and movies are 
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likely to reach a wider audience. Dismantling prejudice regarding life in LIS may 
not only influence a clinician’s treatment regimes, but, in addition, may also reduce 
the number of advance directives targeting severe paralysis drawn up in the first 
place. Although a change will not occur over night, a growing awareness of all the 
sides to life with LIS has the potential to save lives that currently are lost.

The second argument for changing how persons with LIS are depicted in the 
current academic literature follows from the United Nations Convention on the 
Rights of Persons with Disabilities. Article 8 states the obligation: (b) “To combat 
stereotypes, prejudices and harmful practices relating to persons with disabilities, 
including those based on sex and age, in all areas of life”.43 A study by Schicktanz 
et al., in which ten chronic patients eligible for BCI use were interviewed, indicates 
that a biased and stereotypical view on severe disability still prevails.

Some interviewees expressed strong concern about the social identity 
given to persons with disability. According to their perception a particu-
lar image of disability prevails within medical sciences, healthcare, and 
the public. Disability is interpreted as a ‘deficit model’ meaning that the 
patient’s life is depicted in a rather negative way by setting the focus on 
activities the patient is unable to do but are considered as “normal” and 
‘necessary’ (e.g., walking, eating by using hands). Some reported how 
they experienced the expression of pity or taboos by others about their 
disability as stigmatizing or discriminating.44

According to Schicktanz et al., the interviewees emphasized the difference between 
how they themselves perceive their disability, and the negative view of disability 
often held and expressed by other people. Because of the small number of partici-
pants in this study, more research is needed to establish how common such and 
other stereotypes are. It would be desirable both to ask persons with LIS, or com-
parable cohorts, about their experiences of being locked out, and to undertake 
studies designed to detect implicit biases among healthcare professionals and 
researchers.

Article 8 further states the obligation: 1 (c) “To promote awareness of the capa-
bilities and contributions of persons with disabilities,” and 2 (a) (iii) “To promote 
recognition of the skills, merits and abilities of persons with disabilities, and of 
their contributions to the workplace and the labour market.”45 All accounts, aca-
demic and other, that fail to depict those in LIS as persons with diverse personali-
ties and interests, as well as skills and abilities, not only reinforce a view of persons 
with LIS, in accordance with the “deficit model” mentioned, as passive recipients 
of care primarily defined by their impairment, but fail to respect the fundamental 
rights of persons with disabilities.

Ethical Implications for BCI Research

Based on the United Nations Convention on the Rights of Persons with Disabilities, 
a moral responsibility toward persons in LIS can be established. This responsibility 
also has implications for BCI research. We suggest that this moral responsibility 
compels us to pursue and further BCI research.

The incentives for promoting research on BCIs for communication are compel-
ling. For example, article 4 (g) explicitly states: “To undertake or promote research 
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and development of, and to promote the availability and use of new technologies, 
including information and communications technologies, mobility aids, devices 
and assistive technologies, suitable for persons with disabilities, giving priority to 
technologies at an affordable cost.”46

The need to pursue this research becomes even more urgent considering that 
the technology, as previously shown, is the key to exercising other fundamental 
rights, as stated in Article 3 of the United Nations Convention on Disability: (a) 
Respect for inherent dignity, individual autonomy including the freedom to make 
one’s own choices, and independence of persons; (b) Non-discrimination; (c) Full 
and effective participation and inclusion in society.47 In other words, a functional 
assistive technology is required to enable fundamental rights; for example, to 
restore agency and to be able interact with, and make new contributions to, the 
outside world.

One objection may come to mind; article 4 (g) explicitly states that priority 
should be given to affordable technologies, whereas BCIs for communication is a 
high-cost assistive technology.48 Although this critique is relevant for persons in 
incomplete or classical LIS, for whom there are alternative means of communicat-
ing, it does not apply to persons in CLIS, because at present, BCIs are the only way 
to reestablish communication. Therefore, as there are currently no alternatives to 
facilitate communication for those in CLIS, this group suffices to call for a moral 
responsibility to pursue targeted research on BCIs for communication. Does this, 
in turn, imply that we shall focus technology development on persons in CLIS 
alone? This may not necessarily be the case. Although present-day assistive tech-
nologies for communication represent an important breakthrough, they still dis-
play major shortcomings. Dependence on a spell board assistant infringes both on 
independence and on privacy. In addition, responses and communication are only 
possible if the assistant is at hand when a matter occurs, and an actual real-time 
communication is not possible, because it takes time to spell out a message. 
Although an eye-tracking device and a speech generator device are better options 
with regard to independence and privacy, these devices still cannot handle the 
challenges of real-time interaction, nor can the current generation of BCIs. In 
urgent situations, such as when someone is in severe pain or, in the words of 
Vigand “that my son, who has been playing by the window, is now dangling from 
the ledge,”49 the time it takes to get a message across matters. Time also influences 
the degree of participation possible in everyday conversations. It does impact the 
interaction to have a time lag of 10–15 minutes when responding to anything from 
a joke to a comment. These examples show that improvements of the current assis-
tive technologies are warranted, and that BCIs in some cases may prove to be the 
best solution not only for persons in CLIS but also for persons in LIS with some 
residual muscle control.

Realizing the goal of creating a functional BCI for communication requires com-
mitment on many levels and involves more stakeholders than skilled engineers 
and clinicians. As a first step, the key bottlenecks that prevent the finalizing of 
an improved BCI must be identified and then addressed. The current technical 
and medical bottlenecks probably come to mind first; however, there are also, for 
example, structural and epistemic bottlenecks. As these are less discussed, we 
have chosen to focus on the two latter, the structural and epistemic bottlenecks 
that impact both the process of developing a functional BCI, and to what extent 
the technology will reach the end users. In addition, it is useful to differentiate 
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between the bottlenecks foremost connected to BCI research and those connected 
to a future stage when BCIs will be broadly available for home use; that is, have 
become available to the end user as an established assistive technology intended 
for everyday life.

The structural bottlenecks are here understood as the overarching frameworks 
that influence (1) the development of BCIs; that is, the factors impacting the ability 
to pursue targeted research on BCIs, and (2) distribution; that is, the factors impact-
ing to what extent the technology will reach persons in LIS. These bottlenecks take 
time to impact; therefore, it is of importance that they be addressed at an early 
stage. During the research phase, one example of structural dependencies are 
the current healthcare and research policies. Another example are trends within 
research; that is, in-vogue research areas more likely to obtain funding. Without 
proper funds, creating the next generation of BCIs for communication will not be 
possible. Taking a longer perspective, when the technology has become available 
to the end user, other structural bottlenecks become central. Insurance policies are 
probably the first example that comes to mind. Considering the high price of BCIs 
for communication (the combined NIRS/EEG BCI system used in Chaudhary 
et al.50 costs approximately 70,000–80,000 USD, not including the costs for the 
system’s individual adaptation and training of the caregivers to operate the 
system), insurance policies that cover the costs of acquiring a BCI are a prereq-
uisite to make the technology available to all eligible potential end users, not 
only the wealthy ones.

With this said, we do not argue that all persons in LIS automatically should 
be entitled to a BCI. The moral responsibility toward persons in LIS consists in 
enabling a functional way to communicate; the means to this end, the assistive 
technology employed, should vary from user to user depending on the circum-
stances. Therefore, LIS as such is not a sufficient criterion for receiving a BCI. From 
the perspective of justice, we suggest that if a person with LIS can communicate 
via a cheaper assistive technology, with comparable performance, it is not justified 
that health insurance should cover a BCI. Reimbursement should be reserved for 
the cases in which a BCI is required to enable communication; for example, for 
persons with CLIS, or when the BCI outperforms other assistive technologies. It 
may, in individual cases, be difficult to determine when a BCI provides a sufficient 
improvement to allow for the higher cost; therefore, the insurance policies devel-
oped for BCIs must be able to also handle these less clear-cut cases. These border-
line cases are also of interest from a moral standpoint; therefore, more research on 
where the responsibilities stipulated by the United Nations disability act stop and 
the demands of justice take precedence is warranted.51

Epistemic bottlenecks are here understood to be concerns related to ignorance. 
We will discuss two kinds of epistemic bottlenecks. The first, we argue, arises as a 
consequence of the fact that most present-day BCI research resides within an old 
research paradigm. The core of this paradigm is that it is the professionals such 
as researchers, clinicians, and engineers who have the necessary and sufficient 
knowledge for developing new technology. This view has, in recent years, been 
challenged. The opposition has called for a broader view of knowledge, in which 
user preferences and experiences also are integrated as a necessary corrective 
in technology development; in other words, to employ a participatory research 
design when developing technology acknowledges that persons in LIS have a unique 
expertise that complements that of the other stakeholders in the research process.52 

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/S

09
63

18
01

17
00

00
81

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/S0963180117000081


Veronica Johansson, Surjo R. Soekadar, and Jens Clausen

564

Through their firsthand experiences and perspective, input from persons in LIS—
as well as their significant others or the caregivers who are intended to handle the 
technology once it reaches home use53—is likely to improve the end product in 
terms of answering to the actual needs of persons in LIS rather than relying solely 
on the preconceptions of a functional BCI held by clinicians and researchers. As 
previously noted, persons in LIS often have a different take on, for example, pref-
erences, desires, and quality of life than that of the general public or that of clini-
cians and researchers, but they also may have a different take than their significant 
others.54 To our knowledge, there is currently no BCI project explicitly integrating 
user preferences and experiences in the development of the next generation of 
BCIs for communication, a choice that may impact the efficiency and usability of 
the end product.

Therefore, what kind of correctives can be expected by integrating user prefer-
ences? One example is a recent study in which persons in LIS with intact gaze 
control with access to both a BCI, a visual P300 speller, and an eye tracker, 
expressed that they preferred the latter technology because it was faster and more 
accurate, and resulted in less fatigue than using the BCI.55 This user input gener-
ates new questions that could be of relevance when developing a functional BCI; 
for example how do users rank parameters such as speed, accuracy, and fatigue? 
Further, are there (from a user perspective) other relevant parameters not surfac-
ing in this study; and are these preferences heeded in the development of novel 
BCIs? With this said, it is also of importance to identify the span of preferences 
held by persons in LIS. Currently there are too few studies to tell what, if any, dif-
ferences may emerge. Therefore, targeted research addressing those questions 
may add important correctives to the current development of BCIs for communi-
cation. By adding and integrating a firsthand perspective to the knowledge of the 
clinicians and engineers, the next generation of BCIs for communication will be 
better suited to accommodate the actual needs and preferences of persons in LIS.

The second epistemic constraint is created by a different kind of ignorance; the 
risks posed by a lack of knowledge. To promote further research on BCIs for com-
munication, it must be made clear that this technology exists and why this research 
matters. We have shown, by using the few firsthand accounts available, how dis-
crimination follows in the wake of ignorance, and that the ultimate consequence 
of prejudice and misconceptions regarding a life in LIS is premature deaths.56 
Therefore, it is essential to raise awareness of what LIS is, and the current situation 
for persons in LIS. In addition, it is crucial to ensure that, for example, clinicians, 
potential users, and policymakers are made aware that BCIs for communication 
exist, and how this technology potentially can transform the lives of persons in 
LIS.57 One example of this already being a concern is indicated in a research study 
from 2013 in which persons in LIS listed a lack of adequate information on com-
munication aids, and their condition, as important (currently unfulfilled) needs.58 
During the research phase, awareness campaigns could, for example, enable clini-
cians to refer more persons in LIS to research studies and help to raise money for 
BCI research.

In addition, key stakeholders involved in BCI research must be made aware that 
there are ratified disability acts, such as the United Nations Convention on the 
Rights of Persons with Disabilities. Otherwise, how can they possibly take these 
rights into account when conducting research, or address the current failures to 
answer to these rights? Ignorance can also be a bottleneck when BCIs no longer 
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are restricted to research studies, but will be introduced for broader use at home. 
If neither the clinicians nor the intended users are aware of the existence of BCIs 
for communication, this will limit the number of persons in LIS who will receive, 
and be able to benefit from, a BCI.59 Although we have argued for promoting a 
growing awareness of BCIs for communication, we nevertheless want to empha-
size that a growing awareness of BCIs may not have only positive outcomes. When 
introducing BCIs to the general public, it is of great importance to give a correct 
depiction of the technology; that is, to make clear what the technology can, and 
cannot, do. If not, one form of ignorance will be replaced by another, either through 
creating unrealistic hopes and expectations on the one hand or unfounded fears 
more related to science fiction than to science on the other. Therefore, setting real-
istic expectations is paramount when introducing the technology to persons with 
LIS and other stakeholders.60

There are a number of limitations of BCI-based technologies used for restoration 
of communication. These mainly relate to technical constraints that are specific to 
the BCI modality (EEG, functional NIRS [fNIRS], ECoG) and the cause of paralysis 
(e.g., ALS, brain stem stroke, spinal cord lesion, or other neurodegenerative disor-
ders). Although EEG systems have greatly advanced over recent years in terms of 
size, user-friendliness, required preparation time (for example, because of the use 
of solid-gel electrodes) and associated costs, NIRS systems are relatively new on 
the market and still rather expensive (30,000–70,000 USD). There is no commercial 
system available that was specifically designed for day-to-day restoration of com-
munication in severe paralysis. Most companies hesitate to develop such systems 
because of the relatively small market size and the high costs associated with the 
required medical device certification.

Although most BCI studies used EEG for restoration of communication (see 
Table 1 and Appendix),61 up to now not a single patient in CLIS was able to oper-
ate such a system. The reason for this limitation is not entirely clear, but it seems 
to relate to pathophysiological processes associated with severe paralysis, particularly 
CLIS. As BCI systems based on sensory-evoked brain responses (visual, tactile, 
auditory) depend on the user’s integrity of sensory processing, late stages of ALS 
may compromise use of such BCIs. Implantation of an ECoG, providing higher 
signal quality of brain oscillatory activity than EEG, did not result in the ability to 
communicate with a BCI after the onset of CLIS.62 Up until now, the only studies 
reporting successful restoration of communication despite CLIS were reported by 
the Birbaumer group for five cases.63 NIRS-based BCI communication was rather 
slow with “yes” and “no” answers decoded over 15 seconds with at least 10 repeti-
tions to increase classification accuracy. To further increase the communication 
speed, identifying the specific physiological mechanisms underlying NIRS signal 
modulation in this paradigm will be important. This might allow identification 
of other physiological features (including electrical) that will provide faster 
communication.

Conclusions

This article identifies and elaborates on some of the lacunas in the current debate 
on ethics, LIS, and BCIs for communication. By using some of the few available 
accounts of life in LIS, told by persons with LIS, it becomes clear that they face 
social exclusion and stigmatization that creates barriers often perceived as more 
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566 Table 1. Modalities and Paradigms Used for Brain–Computer Interface (BCI)-Based Restoration of Communication in Paralysis

Modality Physiological  
measure

Publication Total  
number of  

participants

Number and diagnosis  
of participants with  

paralysis

Incomplete  
LIS

Classic  
LIS

CLIS

Electroencephalography  
(EEG)

Slow-cortical  
potentials  
(SCP)

Iversen et al. 2008 n = 2 n = 2 (ALS) n = 1 - -
Karim et al. 2006 n = 1 n = 1 (ALS) n = 1 - -
Hinterberger et al. 2005 n = 1 n = 1 (ALS) - - n = 1
Kübler et al. 2004 n = 20 n = 10 (ALS N/A N/A N/A
Neumann and Birbaumer 2003 n = 5 n = 5 (ALS) - n = 3 -
Kaiser et al. 2002 n = 1 n = 1 (ALS) n = 1 - -
Kübler et al. 2001 n = 2 n = 2 (ALS) - n = 2 -
Kübler et al. 1999 n = 16 n = 3 (ALS) n = 1 n = 1 -
Birbaumer et al. 1999 n = 2 n = 2 (ALS) - n = 2 -
Kübler et al. 1998 n = 2 n = 1 (ALS) n = 1 (Other) n = 2 - -

Event-related  
potentials  
(ERP)/visual,  
auditory or  
tactile

Erlbeck et al. 2017 n = 28 n = 14 (ALS) N/A N/A -
Silvoni et al. 2016 n = 24 n = 14 (ALS) - - -
Fomina et al. 2016 n = 2 n = 2 (ALS) N/A N/A N/A
Geronimo et al. 2016 n = 40 n = 25 (ALS) N/A N/A N/A
McCane et al. 2015 n = 28 n = 14 (ALS) N/A N/A N/A
Ron-Angevin et al. 2015 n = 12 n = 1 (ALS) - n = 1 -
Schettini et al. 2015 n = 8 n = 8 (ALS) N/A N/A N/A
Simon et al. 2015 n = 12 n = 1 (ALS) - - -
Hill et al. 2014 n = 16 n = 2 (ALS) n = 1 n = 1 -
Ikegami et al. 2014 n = 14 n = 7 (ALS) n = 6 - -
De Massari et al. 2013a n = 16 n = 1 (ALS) n = 1 - -
De Massari et al. 2013b n = 3 n = 3 (ALS) n = 1 n = 1 n = 1
Blain-Moraes et al. 2013 n = 20 n = 11 (ALS) N/A N/A N/A
Marchetti et al. 2013 n = 10 n = 10 (ALS) N/A N/A N/A
Mak et al. 2012 n = 20 n = 20 (ALS) n = 14 - -

Continued
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Modality Physiological  
measure

Publication Total  
number of  

participants

Number and diagnosis  
of participants with  

paralysis

Incomplete  
LIS

Classic  
LIS

CLIS

Nam et al. 2012 n = 18 n = 6 (CP), n = 3 (ALS) - - -
Pires et al. 2012 n = 24 n = 14 N/A N/A N/A
Spüler et al. 2012 n = 23 n = 5 (ALS), n = 1 (DMD) N/A N/A N/A
Aloise et al. 2011 n = 7 n = 1 (ALS), n = 2 (MS), N/A N/A N/A

n = 1 (stroke)
Li et al. 2011 n = 20 n = 7 (CP), n = 3 (ALS) N/A N/A N/A
Manyakov et al. 2011 n = 8 n = 8 (ALS) N/A N/A N/A
Pires et al. 2011 n = 24 n = 3 (CP), n = 2 (ALS) - - -
Escolano et al. 2010 n = 1 n = 1 (ALS) N/A N/A N/A
Mugler et al. 2010 n = 13 n = 3 (ALS) n = 2 - -
Münßinger et al. 2010 n = 23 n = 3 (ALS) - - -
Sellers et al. 2010 n = 1 n = 1 (ALS) N/A N/A N/A
Townsend et al. 2010 n = 14 n = 3 (ALS) n = 1 n = 2 -
Kübler et al. 2009 n = 4 n = 4 (ALS) n = 2 n = 1 -
Silvoni et al. 2009 n = 30 n = 21 (ALS) - - -
Nijboer et al. 2008 n = 8 n = 8 (ALS) N/A N/A N/A
Hoffmann et al. 2008 n = 9 n = 5 (ALS) - - -
Kübler and Birbaumer 2008 n = 35 n = 29 (ALS), n = 6 (Other) - n = 10 n = 7
Sellers and Donchin 2006 n = 6 n = 3 (ALS) - - -
Piccione et al. 2006 n = 12 n = 5 (ALS) n = 1 - -

Sensorimotor 
rhythm  
(SMR)

Kim et al. 2011 n = 2 n = 1 (Stroke) n = 1 (ALS) N/A N/A N/A
Bai et al. 2010 n = 6 n = 3 (ALS) n = 3 (PLS) - - -
Gu et al. 2009 n = 4 n = 4 (ALS) n = 1 - -
Hill et al. 2006 n = 13 n = 5 n = 1 n = 2 n = 1
Kübler et al. 2005 n = 4 n = 4 (ALS) - - -
Miner et al. 1998 n = 4 n = 1 - - -

Table 1. Continued
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Modality Physiological  
measure

Publication Total  
number of  

participants

Number and diagnosis  
of participants with  

paralysis

Incomplete  
LIS

Classic  
LIS

CLIS

Steady-state  
visually  
evoked  
potentials  
(SSVEP)

Hwang et al. 2017 n = 5 n = 5 (ALS) - n = 5 -
Hsu et al. 2016 n = 23 n = 7 (ALS) N/A N/A N/A
Lesenfants et al. 2014 n = 30 n = 6 n = 5 n = 1 -
Combaz et al. 2013 n = 7 n = 7 n = 6 n = 1 -
Han et al. 2013 n = 12 n = 1 (ALS) N/A N/A N/A
Lim et al. 2013 n = 5 n = 1 (ALS) - n = 1 -

Near-infrared  
spectroscopy  
(NIRS)

Oxy-Hb/ 
Deoxy-Hb

Gallegos-Ayala et al. 2014 n = 1 n = 1 (ALS) - - n = 1

Electrocorticography  
(ECoG)

Local field  
potentials  
(LFP)

Vansteensel et al. 2016 n = 1 n = 1 (ALS) - n = 1 -
Bensch et al. 2014 n = 1 n = 1 (ALS) - - n = 1
Soekadar et al. 2013 n = 1 n = 1 (ALS) - - n = 1
Yoshimine et al. 2013 n = 1 n = 1 (ALS) - n = 1 -

Hybrid approach
NIRS / EEG Chaudhary et al. 2017 n = 4 n = 4 (ALS) - - n = 4

- -

References cited in this table that are not in the article Notes are found in the Appendix.
LIS, locked-in syndrome; CLIS, complete locked-in syndrome, complete immobility, including all eye movements, combined with preserved consciousness; incomplete 
LIS, with remnants of voluntary movements; classical LIS, total immobility except for vertical eye movements or blinking; CLIS, ALS, amyotrophic lateral sclerosis; 
PLS, primary lateral sclerosis; DMD, Duchenne muscular dystrophy; CP, cerebral palsy; MS, multiple sclerosis.

Table 1. Continued
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impairing than their physical condition. Although this discrimination has been 
discussed in other articles, one of our novel contributions is to use both academic 
research and autobiographies to show how these practices violate the human 
rights stated in the United Nations Convention on the Rights of Persons with 
Disabilities. It is only by providing a functional technology for communication 
that enabled persons in LIS to break their mental confinement and to share their 
experiences, that these stereotypes, discrimination, and malpractices have been 
outed. Therefore, these persons have a specific vulnerability, because a functional 
assistive technology is necessary to disclose abuse and to argue one’s own case. 
Another implication of our findings is that both researchers and healthcare profes-
sionals must pay careful attention to what biases and assumptions our work may 
unintentionally express; for example, how we perceive and depict persons in LIS, 
and what we include or omit in the research we publish. Thus we call for a greater 
awareness of the dangers of ignorance.

Furthermore, we have shown how establishing a functional way of communi-
cating is necessary for these persons to exercise many fundamental human rights 
in addition to enabling participation and being a means for them to contribute to 
society and significant others. As a consequence, this is an ethical problem to 
which a technological advancement is an important part of the solution.64 Present-
day BCIs for communication have flagrant shortcomings, such as infringing on 
independence and privacy and being painstakingly slow. In addition, there are 
also persons in LIS for whom it has not been possible to establish a reliable 
communication; and for persons in CLIS, BCIs are currently their only hope for 
connecting with the outside world. Unless one’s “voice: is restored, one really is 
“buried alive,” alone with one’s own thoughts and sensations, with the mental 
capabilities for making autonomous choices intact, but with no opportunity to 
express agency, personality, affection, or pain. A functional assistive technology is 
necessary to answer to the obligations as a spouse, parent, friend, and employee, 
and is thereby an important tool for participation and leading a life that goes 
beyond “patienthood.”

Therefore, if we do not want to violate the United Nations Convention on the 
Rights of Persons with Disabilities, the moral imperative to ensure that every 
person in LIS does have a voice, either through a BCI or another comparably 
efficient assistive technology for communication, must be heeded. This moral 
imperative, in turn, requires us to take the necessary measures, as identified, to 
further the development of present-day BCIs for communication and to make 
the technology accessible to the end user. With this said, there are also other 
moral responsibilities toward patients in LIS, such as setting realistic expecta-
tions regarding the technology; detecting and treating depressive symptoms 
and failures to adjust to a life in LIS; and, when needed, providing psychologi-
cal assistance. In terms of clarity, we also want to emphasize that the right  
to an assistive technology does not imply that a person in LIS has to use that 
technology. It must always be up to the individual to decide whether or when 
to use a BCI for communication. In addition, it is important to stress the limita-
tions of our conclusion. This article focuses on moral considerations connected 
to responsibility and ignorance, raised by BCIs for communication for persons 
with severe paralysis. We do not claim to have covered all moral concerns—
both potential harms and benefits—raised by the issue of using BCIs for 
communication.65
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Currently there is no cure for ALS and the majority of diseases resulting in LIS 
or CLIS, although we can prevent persons in LIS from being locked out. By 
battling ignorance—for example, through raising awareness of life in LIS and the 
assistive technologies available and learning from the lived experience of persons 
in LIS and the social barriers they are facing; by employing a healthy dose of self-
reflection in all academic endeavors; and by answering the moral imperative  
to provide a functional technology for communication—we take important steps 
toward tearing down the barriers that create the locked-out state.
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