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Ethical Considerations in Ending Exploratory 
Brain–Computer Interface Research Studies in 
Locked-in Syndrome
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Abstract: Brain–computer interface (BCI) is a promising technology for restoring commu-
nication in individuals with locked-in syndrome (LIS). BCI technology offers a potential 
tool for individuals with impaired or absent means of effective communication to use brain 
activity to control an output device such as a computer keyboard. Exploratory studies of 
BCI devices for communication in people with LIS are underway. Research with individu-
als with LIS presents not only technological challenges, but ethical challenges as well. 
Whereas recent attention has been focused on ethical issues that arise at the initiation of 
studies, such as how to obtain valid consent, relatively little attention has been given to 
issues at the conclusion of studies. BCI research in LIS highlights one such challenge: How 
to decide when an exploratory BCI research study should end. In this article, we present the 
case of an individual with presumed LIS enrolled in an exploratory BCI study. We consider 
whether two common ethical frameworks for stopping randomized clinical trials—equipoise 
and nonexploitation—can be usefully applied to elucidating researcher obligations to end 
exploratory BCI research. We argue that neither framework is a good fit for exploratory BCI 
research. Instead, we apply recent work on clinician-researcher fiduciary obligations and in 
turn offer some preliminary recommendations for BCI researchers on how to end exploratory 
BCI studies.

Keywords: Brain–computer interface (BCI); locked-in syndrome (LIS); exploratory research; 
randomized clinical trials

Introduction

Locked-in syndrome (LIS) is a condition involving loss of motor function, including 
the ability to speak. Diagnostic categories of LIS include individuals with incomplete 
LIS who retain some residual motor function (e.g., finger or head movement), 
individuals with classic LIS who are paralyzed but only retain the ability to com-
municate by blinking or moving their eyes, and individuals with total LIS who 
lack all voluntary movement.1 LIS is often associated with amyotrophic lateral 
sclerosis (ALS), a neurodegenerative disease that slowly paralyzes an individual 
over the course of years. ALS affects approximately 20,000 individuals in the 
United States at any given time. Although median survival rates have been estimated 
between 20 and 48 months, it is worth noting that at least 10 percent of these 
patients live longer than 10 years.2 This timeline is particularly troubling given the 
increasing communication challenges presented by illness progression. Other con-
ditions that can lead to a locked-in state include brain stem stroke, traumatic brain 
injury, and other neurological insults.3

We are grateful to the research participant pair who worked with us on this project. This work was 
funded by National Institutes of Health (NIH) grant #2R01DC009834-06A1, National Institute on 
Disability, Independent Living, and Rehabilitation Research (NIDILRR) grant #90RE5017, and NSF 
#EEC 1028725, and NIH-5T32MH016259-38.
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BCI research is a promising approach to restoring communication access to 
those with total LIS. BCI technology seeks to build alternative computer input 
schemes, which rely on a user’s brain activity. Although implanted electrodes can 
be used as a source of neural signals,4 skull surface electroencephalography (EEG) 
is the most common noninvasive BCI signal. Classic EEG BCI responses include 
imagined hand or foot movement, a visual response to blinking light, or a unique 
response to a surprising element of a sequence (P300).5 For example, an EEG-
based BCI system could allow an individual to select a letter of the alphabet by 
successively dividing and discarding unwanted letters. EEG detection of users’ 
intent to move their right hand, for example, could indicate that their target letter is in 
the first half of the alphabet (and that the latter half of the alphabet is unnecessary, 
and therefore discarded). This divide-and-discard operation could be repeated 
over and over to progressively home in on a user’s desired letter. Several methods 
of typing and message selection have been proposed for BCI systems.6

Initiating BCI research in people with LIS raises ethical issues.7 Some have 
argued that it is ethically suspect to conduct communication research with indi-
viduals who are locked in or may become locked in because of poor quality of life 
in LIS.8 This view has been challenged on several grounds: (1) it presumes people 
with LIS do not lead meaningful lives (contrary to recent evidence9), (2) it denies 
individuals and surrogates the opportunity to participate in research,10 (3) it 
undermines the exercise of autonomy,11 and (4) it may result in a violation of basic 
human rights.12 These considerations are important in that more than 80 percent 
of patients severely affected by ALS in a recent survey expressed interest in BCI for 
communication support.13

For those with LIS or their surrogates who express interest in BCI research, 
ensuring meaningful informed consent is an obstacle. Informed consent is a 
foundational principle for participation in research and is grounded in a com-
mitment to respect for persons.14 The inability to communicate a desire to partici-
pate or decline participation in a research trial—when the capacity to form and 
maintain that desire is otherwise intact—undermines the practice of informed 
consent. Individuals cannot give an informed consent for research if their 
autonomous choices cannot be understood by others. Therefore, communica-
tion research with individuals with LIS is unique in that the technologies being 
studied (e.g., BCI, functional MRI [fMRI], deep brain stimulation [DBS]) may 
become a tool for assessing or even restoring the capacity to give an informed 
consent.15

Ethical questions about ending BCI research participation in LIS have garnered 
less attention. BCI research in LIS involves both measuring brain activity and 
developing better algorithms for leveraging these measurements. As such, algorith-
mic utility is discovered in the process of applying those techniques to unique individuals. 
This feature of some BCI research— iterative customization of methods—makes 
negotiating study end-points in advance difficult, and makes post-hoc decisions 
about when to end research fraught. Participants (or surrogates) may not want to 
end their participation and researchers may continue to see value in collecting 
data and refining algorithms. Where (1) the goal of the research has not yet been 
achieved (i.e., establishing communication), (2) the participant and surrogate do 
not express a desire to withdraw consent for participation, and (3) the research 
continues to progress (to some extent) through incremental reduction in the design 
space, no natural stopping point may exist. This is potentially problematic, as research 
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with an indefinite horizon raises concerns about vulnerability and exploitation, 
just distribution of benefits and harms, coercion, and judicious use of research 
resources.

Researchers have ethical obligations to end BCI studies when participants 
no longer wish to continue or when studies cease to produce scientific value. 
But when neither of these are obviously the case, what are researcher obligations 
to end clinical studies? One approach to answering this question is to look at existing 
concepts or frameworks that ground researcher obligations to end randomized 
clinical trials (RCTs)—equipoise and nonexploitation—for guidance. Although 
equipoise and nonexploitation are useful for elucidating obligations to end RCTs, 
their applicability to exploratory BCI research is unclear. In this article, we present 
a recent actual case to illustrate the limitations of these frameworks. We conclude 
that an alternative framework based on fiduciary obligations is more promising. 
We sketch the outlines of this framework and offer a set of preliminary recommen-
dations for BCI researchers. We hope to encourage further discussion of ethical 
problems arising from exploratory BCI studies.16

Case

Our group enrolled an individual with presumed LIS in a noninvasive BCI research 
study for the purpose of developing a reliable communication device. The research 
participant was a man in his 40s with a remote history of a brain stem stroke from 
a ruptured arteriovenous malformation resulting in the loss of all or nearly all 
voluntary movement.17 In the 6 years following his stroke, he was observed at 
times to move his eyes horizontally, fixate on people and objects, and make subtle 
movements with his arm or foot to command, but these movements never allowed 
for a consistent means of communication. He was given a diagnosis of LIS. Attempts 
to find a reliable augmentative and alternative communication (AAC) method 
using eye movements (e.g., eye gaze) or voluntary muscle movement (e.g., switch) 
were unsuccessful.

With informed consent provided by his wife, the participant enrolled in a 
BCI study, followed by an iterative, user-centered design (UCD) study to create a 
binary choice or alphabetic communication system tailored to his functional abilities. 
Study visits took place at the participant’s residence, an adult foster home. Visit 
scheduling accommodated the participant’s health, the time required for system 
design and implementation, and the availability of the participant, his wife, and 
the researchers. The BCI study involved unsuccessful trials with a research-based 
P300 BCI system followed by a commercially available BCI system (which included 
P300 and motor imagery response paradigms). Classification accuracies with this 
system were not statistically different than chance. The UCD study involved col-
lection of physiological data (electrooculogram [EOG], eye gaze, and/or electro-
myogram [EMG]) accompanied by visual and auditory cueing across multiple 
visits without a set timeline.18 Flexible, repeated testing over an indefinite period 
was planned in order to customize the device for peak performance. The study 
had two aims: a formal scientific aim to contribute knowledge about new alterna-
tive access methods for individuals with minimal voluntary motor function, and a 
participant-specific aim to establish a new mode of communication. The research 
team proceeded under the assumption that the participant was capable of com-
municating, but lacked the physical means to do so consistently.
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Over the course of 19 months, multiple modalities were employed in an attempt 
to establish a reliable brain signal for communication, but none were successfully 
validated. The study team visited the participant’s home 14 times for a total  
of approximately 30 hours. The study team developed a system to aggregate 
repeated, error-prone trials into a single, accurate response selection.19 The first 
modality attempted was an eyegaze-based interface given that the participant’s 
strongest apparent input signal was his horizontal eye movement. A system using 
vertical bars of different colors moving horizontally across the screen as a means 
for binary yes/no communication (i.e., tracking a green bar indicating “yes” or 
red bar indicating “no”) was constructed, but was ultimately unsuccessful. 
Drowsiness, fatigue, and ptosis confounded results, and attempts to mitigate these 
factors did not help. Successive use of alternative modalities (EOG and EMG) sim-
ilarly failed to produce a validated system.

Our research team began to have doubts about the likely success of the project. 
The iterative protocol and the relationships developed between the team and the 
study participant and his wife (hereafter “participant pair”) over the course of the 
study complicated a decision to end the study. The study had not produced a vali-
dated system. Although not all possible access methods and their respective custom-
izations had been exhausted, the team expected diminishing returns from future 
iterations. Members of the team felt emotionally and morally conflicted about con-
tinuing the study. After much discussion, the participant’s wife was consulted. 
She agreed that it was appropriate to end the current study because of the lack of 
promising results, but expressed a willingness to consider future research partici-
pation opportunities that might help her husband.

Equipoise and Ending BCI LIS Studies

Stopping rules for clinical trials are intended to protect human subjects from harm. 
Most often, stopping rules are employed in large RCTs in which the efficacy (or lack 
of efficacy) of an intervention becomes apparent before the completion of a study 
and in turn raises concern about harm to a study group (i.e., receiving a harmful 
intervention or missing out on a beneficial intervention). One rationale for stop-
ping a clinical trial on the basis of efficacy is equipoise. Equipoise is an ethical con-
struct used to justify initiating a research study. Put simply, a minimum ethical 
requirement for initiating a clinical trial is that a proposed intervention be in a 
state of equipoise, or uncertainty, as to efficacy. Were uncertainty not present, one 
study group would be subjected to an intervention known at the outset of the 
study to be inferior. This would be an unethical way to start a trial. Similarly, when 
data collected during a trial indicate that study groups are no longer in equipoise 
(e.g., one arm meets an efficacy end-point), it becomes unethical to continue a trial. 
In this section, we discuss some of the challenges of applying clinical equipoise to 
BCI LIS research.

The concept of equipoise was introduced by Charles Fried as a way to medi-
ate conflicting obligations of clinician researchers: the physician’s “fidelity” to 
the health of individual patients and the needs of the wider social group who 
stand to benefit from future therapies advanced through research.20 The cen-
tral idea is that when groups participating in clinical trials stand in equipoise 
relative to an intervention, neither group is knowingly sacrificed for the benefit 
of the other. Although a vigorous debate has ensued about how best to define 

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/S

09
63

18
01

18
00

01
54

 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/S0963180118000154


Eran Klein, Betts Peters, and Matt Higger

664

and operationalize equipoise,21 equipoise has proved a resilient standard for 
design and evaluation of neuropharmacological,22 neurosurgical,23 and neuro-
logical device trials.24

Equipoise provides a framework for delineating ethical obligations of research-
ers to end studies. Efficacy findings from interim analyses bring to attention unan-
ticipated or serious adverse effects or indicate the superiority of one trial arm to 
another. Researchers have ethical obligations to modify or stop a trial in light of 
the former and make a superior intervention available to all groups (or at least stop 
a trial and make a superior intervention known to all groups). Because equipoise 
has been employed to help resolve controversies associated with benefit–harm 
assessments and to provide a principled foundation for ending RCTs, equipoise 
also may provide ethical guidance for ending BCI LIS studies.

The application of equipoise to BCI LIS research faces challenges. One challenge 
is that the notion of equipoise relies on the existence of a standard of care against 
which an investigational intervention is compared, but currently individuals with 
presumed total LIS lack a standard best therapy for communication. There are 
forms of communication under investigation (e.g., fMRI or brain-implanted elec-
trode arrays), although none have proven efficacious across diverse presentations 
of LIS.25 As such, it can reasonably be argued that BCI research participants 
enrolled in a BCI research protocol do not forgo benefits of standard communication 
therapy by participating in research. Standard communication therapy is, unfor-
tunately, no therapy.

A second challenge pertains to what Alex London calls the “fragile epistemic 
threshold” of equipoise.26 If any new piece of data were sufficient to disturb equi-
poise, a mere hunch or a single positive or negative finding would tilt the balance 
away from equipoise in the minds of individual investigators, making it unlikely 
that any study would see completion. Therefore, critics of equipoise find its fragil-
ity a reason for abandonment as an ethical research framework.27

In the case of BCI LIS studies, establishing a robust threshold for equipoise is 
hindered by the size of the nascent field and its relatively underpowered studies. 
Systematic reviews and properly conducted RCTs represent the pinnacle of scien-
tific evidence, whereas case reports, though a valuable contribution to a field’s 
general fund of knowledge (particularly early in the development of a field) reside 
low on the evidence pyramid.28 A robust threshold for equipoise requires that 
a research study could produce knowledge that would change expert opinion and 
consequently shift practice (i.e., establish a new standard of care). In the case of 
BCI LIS research, the likelihood of either at present is low. There is a legitimate 
worry that even if successful (i.e., development of a reliable communication algo-
rithm for participant X) the results would be unique to individual X and insufficient 
to justify a change to clinical practice in general. As such, equipoise is unlikely 
to be as action guiding as we would want it to be.

Given these challenges, it is worth investigating an alternative to equipoise for 
understanding researcher obligations in BCI LIS research.

Nonexploitation and BCI LIS Studies

An alternative approach to researcher obligations in ending trials involves the 
concept of nonexploitation.29 Ethically acceptable research involves risks to par-
ticipants that are proportionate and reasonable relative to the knowledge gained 
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from the research. A trial should end if the benefits to science are no longer 
proportionate to the risks incurred by research participants. This can occur, for 
example, if the risks to participants increase during the course of a study or if the 
likelihood of generating scientific knowledge decreases.

Nonexploitation is difficult to operationalize when the benefits and harms 
experienced by research participants are opaque and difficult to assess. In BCI 
LIS studies, participants are unable to communicate whether participating has 
become more (or less) of a burden over time. Are BCI tasks (e.g., “find the letter 
R on the screen”) experienced as a challenge that gives participants something 
enjoyable to pass the time or are they frustrating or boring? Are research activi-
ties a fun opportunity to interact with people—in a life that seems solitary—or 
do they take participants away from thinking about other things or even day-
dreaming? Is participating stigmatizing, a too-frequent reminder of what has 
been lost and of one’s difference? Or is participating a way to have purpose, to 
be altruistic, or to contribute to the advancement of science? In the case of BCI 
LIS research, these questions cannot be fruitfully asked and answered directly of 
research participants, and although family can make surrogate assessments on 
behalf of participants, data on the divergence of quality of life assessments in 
ALS between patients and caregivers should at least give pause about substitute 
judgment.30

A framework of nonexploitation is also limited in cases in which the potential 
benefits to science emerge during the course of a study. An important feature of 
some BCI research is the iterative process of modifying interventions in response 
to participant feedback. Consider some examples. In a trial of BCI-controlled 
DBS for treatment of essential tremor, participants and researchers work together 
to modify volitional tasks in order to give participants control over turning on 
and off their implanted electrodes to suppress tremor.31 Similarly, participants 
and research teams in the Braingate trial develop robotic prosthetics for indi-
viduals with paralysis through iterative processes of decoding motor intentions, 
giving better and better participant control over a robotic arm (e.g., to grasp 
objects).32 And in the exploratory BCI LIS trial described here, the participant 
(presumably) and his wife work with the research team to try to establish a reli-
able neural signal (P300, EOG, EEG) by iteratively testing via communication-
related tasks (e.g., intent to communicate mental content “I want the letter ‘s’”). 
The likely contribution to generalizable knowledge from BCI research projects 
like these—which incorporate iterative, open-ended methodology—may become 
much clearer well into the exploration. This complicates an appeal to nonexploi-
tation insofar as it relies on an a priori grasp of the likely contribution to scientific 
knowledge.

Our review of equipoise and nonexploitation suggests that neither may be ideal 
tools for understanding the obligations of researchers to end BCI LIS research. It is 
worth asking why neither of these seem particularly promising for BCI LIS 
research. In the next section, we argue that there are three features of BCI LIS 
research that may underlie the difficulty of applying these approaches—multidis-
ciplinary interdependence, participant collaboration, and therapeutic evolution—
and that an approach that can better accommodate these features is preferred. We 
then suggest, following work by Miller and Weijer,33 that understanding clinician-
researcher obligations as fiduciary obligations is a preferred approach to accom-
modate these features.
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Features of BCI Exploratory Research

Multidisciplinary Interdependence

BCI research is frequently conducted by multidisciplinary teams including engineers, 
computer scientists, neurologists, and allied health professionals such as speech-
language pathologists, occupational and physical therapists, and others. Team 
members with technical expertise create new algorithms, interfaces, software, and 
hardware to improve BCI functionality, while those with clinical expertise bring 
familiarity with the needs, abilities, and opinions of potential BCI users. An impor-
tant feature of BCI teams is integration of different types of expertise. Because 
devices are iteratively developed with research participants, those with technical 
and clinical expertise must work together in real time, rather than in parallel. Each 
iteration within a trial involves both new technical and clinical assessments. What 
are the chances that a change in algorithm or measurement technique will yield a 
desired outcome? What are reasonable possibilities? What are the potential harms 
to the participant in making this change? Will achieving a desired “technical” out-
come improve the quality of life of the participant? The exploratory and iterative 
nature of BCI research demands a kind of back and forth between researchers pos-
sessing more technical or more clinical expertise. The result is a robust interdepen-
dence of expertise.

To illustrate this feature of multidisciplinary interdependence, consider the pro-
cess of informed consent in the BCI LIS study described previously. Before initia-
tion of the study, a process of informed consent was undertaken that involved not 
just clinicians, but engineers as well. Clinicians and engineers worked together to 
formulate “yes/no” questions that would accurately convey technical and clinical 
benefits and harms of participation. Engineers helped formulate questions describ-
ing the range of equipment and methods to be used as well as their likelihood of 
meeting statistical end-points, while clinicians translated these possibilities into 
meaningful outcomes for the participant, addressing their hopes, fears, and expec-
tations. These questions were presented to the participant (and his wife) by both 
the clinicians and the engineers. Members of the team possessing both clinical and 
technical expertise were present to answer questions or provide clarifications, and 
to assess for affirmative or negative responses.34

Participant Collaboration

BCI research participants and caregivers are more than just subjects of research; in 
some instances they become collaborators of sorts. Exploratory BCI studies can 
extend for years, involve many time-intensive trial visits, and be highly individu-
alized. Participants work alongside researchers toward a common goal (e.g., com-
munication, control of a prosthetic amelioration of abnormal motor movements 
[e.g., tremor]), even to the point of participants feeling guilty when they put their 
needs ahead of project success (e.g., truncating a session because of fatigue).35 
Over the long course of a BCI study, participants and researchers become invested 
in each other, more than what might be accounted for by “anonymous user–
researcher relationships.”36 Helen Mayberg describes a phenomenon in her long-
term clinical studies of DBS for depression as people “starting as patients and 
ending up as collaborators” (personal communication). Participants (and surrogate 
decisionmakers) in BCI research do not always fit into traditional roles of participants, 
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volunteers, patients, or consumers, and instead may become more like collaborators 
or partners in research.

In the BCI LIS study described here, the participant’s wife took on a collabora-
tive role. At study initiation, she offered her intimate knowledge of the partici-
pant’s physiological abilities and previous preferences in order to guide the design 
process. For example, she created and shared videos of the participant’s eye and 
hand movements in response to command, allowing the team to better understand 
his abilities and limitations. In research team meetings, she highlighted challenges 
and offered potential solutions to problems of positioning, fatigue, and motivation, 
and contributed input to design choices (e.g., presenting vertical versus horizontal 
stimuli) and protocol implementation (e.g., conducting further iterations within a 
modality versus moving on to a new modality). She ensured that the participant 
was physically comfortable during visits and assisted with proper positioning of 
the equipment within his field of vision, suggesting modifications to improve per-
formance. She also provided feedback on instructions and explanations provided 
to her husband by the researchers, requesting clarification and additional informa-
tion for the participant and herself, when needed.

Therapeutic Evolution

Exploratory BCI trials generate therapeutic expectations. The notion that participants 
in research might expect therapeutic benefit is anathema to traditional research 
ethics, and the therapeutic misconception, as it has generally come to be known, is 
felt to undermine the validity of informed consent.37 The therapeutic misconcep-
tion has been identified in early stage pharmacological research38 as well as neu-
rological devices39 and neurotechnology.40 Although attracting comparatively less 
attention in BCI research,41 the therapeutic misconception may be present as well. 
For example, Grübler found expectations of personal benefit among the motivations 
of participants in a BCI trial.42 Although participants can enter BCI trials expecting 
therapeutic benefit, they can also develop therapeutic expectations over the course 
of trial involvement.

Iterations to methods in exploratory BCI trials are made in order to move partici-
pants toward some desired research goal (e.g., movement of a prosthetic, suppres-
sion of a tremor, or reliable response to verbal commands). If an algorithm fails to 
decode neural activity sufficient to detect a particular intention or allow control of 
a desired output, the algorithm is changed. In this way, exploratory BCI research 
embodies a kind of flexibility found more in clinical practice than in large research 
trials. Whereas the method (or methods) of measurement in a large pharmacologi-
cal RCT, for example, is fixed and chosen in advance (e.g., the effect of drug X on 
outcome Y determined at time T), clinical interventions are flexible. A dose of a 
medication can be increased if it does not have the desired effect or decreased if it 
causes intolerable side effects. Clinical interventions are tweaked in order to get 
closer and closer to a desired clinical end (e.g., cancer remission, decreased brady-
kinesia, improved cardiac function). Similarly, iterations in exploratory BCI research, 
although formally directed at some research-delineated outcome— movement of 
a prosthetic, suppression of tremor, reliable response to verbal commands—come 
to be (or at least feel as if they are) oriented toward meaningful clinical ends: inde-
pendent feeding of oneself (with a prosthetic), reduced stigma in public settings 
(with a suppressed tremor), or peace of mind (with effective communication 
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conveying one’s needs). Therefore, even if therapeutic expectations were not pres-
ent (or were even discouraged) at study start, they can develop over the course of 
a study.

Fiduciary Obligations in BCI Research

Miller and Weijer argue that the relationship between a clinician-researcher and 
a patient-subject is best understood as a trust relationship.43 A trust relationship has 
three features. It involves structural inequality, it involves a transfer of discretion-
ary power from the trusting party to the entrusted party, and it generates fiduciary 
obligations to protect and promote interests of the trusting party. The entrusted 
party (e.g., clinician-scientist) pursues goals that may at times conflict (e.g., produce 
generalizable knowledge versus improve a patient’s immediate health status). 
When this happens, we should look toward fiduciary relationships as a model of 
obligations owed by clinician-researchers to research participants, including how 
to end research projects.

The researcher–participant relationships in BCI LIS research embody the three 
features of a trust relationship. First, the relationship between the research team 
and participant pair are certainly unequal in at least two respects. BCI interventions 
are primarily available only within research projects and, therefore, patients rely 
on the expertise of BCI teams to apply protocols in ways that could yield thera-
peutic benefit (e.g., the ability to communicate). In addition, BCI research teams 
possess specialized engineering knowledge that patients and surrogates do not 
possess, thus generating a kind of epistemic inequality.

Second, the participant pair grants discretion to the BCI team to oversee the 
participant’s health interests, and in so doing, expose these interests to the risk of 
harm. The participant pair authorizes the team to collect confidential and sensitive 
information (e.g., about diagnosis, medical history, personality, and personal 
preferences), determine eligibility for participation in the project, design the study 
protocol (e.g., which modalities are included), and make adjustments during 
implementation of the iterative protocol (e.g., when to adjust settings or transi-
tion from one modality to another).

Third, because of the inequality between the BCI team and the participant pair 
and because of the considerable discretion afforded to the team across various 
dimensions of the study, the team incurs a duty of care. That is, team members are 
obligated to promote and protect the interests of the participant.

A framework of fiduciary obligation provides a way to approach questions of 
when and how to end BCI LIS research. The BCI team is entrusted to exercise some 
discretion over whether continued participation interferes with receiving compe-
tent and standard care for LIS and whether continued participation constitutes a 
failure to protect from undue harm. In the particular case discussed here, it was 
unknown whether continuing the study would generate harm. As previously dis-
cussed, there was uncertainty as to how much harm (if any) participation in the 
study caused. But in the absence of evidence from the participant about his sub-
jective experience of research participation (e.g., inconvenience versus mental 
exhaustion versus enjoyment), the default fiduciary stance should be to presume 
that participation could cause some harm and that this should be taken seriously. 
The risk of harm is likely to vary considerably depending on the type of study, 
from minor inconvenience to physical discomfort, and should be considered on a 
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case-by-case basis. The role of a fiduciary is to keep possible harm always in mind 
so that when a study begins to show a decreasing likelihood of success, the study 
does not continue indefinitely but is brought to a reasonable end.

It should be noted that the idea that clinical researchers have fiduciary obliga-
tions to participants runs counter to a view of clinical research and medical prac-
tice as occupying morally distinct spheres. If medicine and research are, from an 
ethical standpoint, independent activities governed by different ethical principles, 
then fiduciary obligations that span the practices of medicine and clinical research 
do not make sense.44 If so segregated, clinicians would seem to have their obliga-
tions and researchers would seem to have theirs.

A hard separation of research and practice has been challenged, not just by 
Miller and Weijer45 but by others as well.46 Various alternatives have been pro-
posed, including applied patient-oriented research,47 philosophy of clinical 
research,48 and clinically oriented research.49 Leaving aside the details of these 
views, all make room within clinical research for the pursuit of some therapeu-
tic goals by researchers. A trust-based fiduciary framework can accommodate 
the kinds of therapeutic goals that result from BCI research that (1) is open-ended 
(like clinical care), (2) employs interventions iteratively adapted to achieve 
goals connected to the well-being of participants (such as clinical care), and (3) 
fosters ongoing trust relationships between researchers and participants (such 
as clinical care).

If there are therapeutic features of BCI LIS research that cannot be wholly 
separated from the pursuit of scientific goals, then there is an important shift 
that must take place in thinking about researcher obligations to end research. 
We must move away from chiding researchers and participants for “failing” to 
keep clinical and research apart in their goals, expectations, and decisionmaking. 
Instead, we should shift our efforts to helping navigate both the intersection 
and sometimes overlap of therapy and research. The pursuit of therapeutic goals 
can be an inherent part of motivation for and participation in research. Research 
teams have fiduciary obligations to manage therapeutic aspects of research 
through exercise of collective clinical judgment. One of these obligations per-
tains to ending research. Sketching what this fiduciary obligation looks like is 
the task to which we now turn.

Recommendations

We now offer some recommendations for how researchers can discharge their 
fiduciary obligations in exploratory clinical trials. These recommendations focus 
on multidisciplinary interdependence, participant collaboration, and therapeutic 
expectations of BCI research.

We recommend that multidisciplinary BCI teams understand their ethical obli-
gations as primarily shared responsibilities. That is, individual team members may 
bring different forms of technical or clinical expertise to a research project, but 
ethical obligations attach to everyone by virtue of their membership on the team. 
A division of labor whereby “ethical issues” are the sole concerns of some members 
of the team (e.g., clinicians) and not of others, should be resisted. This does not 
deny that individuals bring different skills to the table (e.g., eliciting values, dis-
cussing fears, understanding device malfunctions), but these skills can be enhanced 
by how the team operates.
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For example, deciding on the content of an informed consent discussion (includ-
ing decision aids or consent forms) should be a team activity. Where possible, non-
clinicians should be present for (even if not leading) informed consent discussions 
with potential participants, particularly if non-clinicians will have ongoing interac-
tions with participants. Non-clinicians can clarify risks and possibilities of device 
performance that participants need in order to make informed decisions. This 
reduces the chance that one member of the team (e.g., clinician) will misunder-
stand or miscommunicate technical aspects of the study, but perhaps more impor-
tantly symbolizes that the entire team will look out for the participant’s interests, 
even if one person is the designated study point of contact.

We recommend involving participants (and participant pairs) as participant col-
laborators in BCI research. Participants and participant pairs may desire, and dif-
ferent research protocols may allow, different types and levels of involvement 
(e.g., caregiver involvement in home device setup or maintenance). It is important 
to recognize that including participants as collaborators generates new responsi-
bilities. Two are worth highlighting.

First, teams need to develop mechanisms for resolving conflicts and adjudicat-
ing differing expectations between participant collaborators and members of the 
BCI team. This should involve ongoing discussions throughout the study about 
roles and expectations, including feedback both from participants (“You should 
ask for my input more during the testing”) and to participants (“Your suggestions 
on how to reduce participant fatigue were really useful”). Just as feedback to any 
member of a team needs to be given in a constructive and sensitive way, so too 
does feedback given to participant collaborators. Second, we recommend that elu-
cidation and clarification of the desired role of participants become a formal part 
of a research project.50 Participant collaborators may want to change their roles 
within the study as it progresses (e.g., a family member may want a reduced role 
if it becomes too burdensome or may want an enhanced role within the team 
because of a working understanding of the study and newfound comfort with the 
research environment).

We recommend that therapeutic expectations not be dismissed out of hand as a 
misconception but approached as an opportunity for ongoing exploration of partici-
pant values. Sometimes this exploration will involve tempering expectations of 
benefit where the likelihood of success is low, particularly at study outset (e.g., a 
low likelihood of developing a BCI speller versus a higher likelihood of identifying 
a promising yes/no communication scheme). That said, we recognize that differ-
ent members of a research team—including participant collaborators—can hold 
different beliefs about the likelihood of benefit from trial participation (i.e., more 
realistic or less realistic). Within certain bounds, all of these beliefs can be rational. 
It is worth noting that therapeutic expectations may develop and change along the 
course of research participation, even if they were not present at study start and 
initial consent. For example, in a BCI study with positive communication outcomes 
for the participant, what happens when the study ends? The participant may be 
unable to obtain the system for independent home use, and will have experienced 
the ability to communicate only to have it taken away again. Therefore, it is some-
times more important to assess for therapeutic understanding and expectations in 
the late stages of a BCI project.

To facilitate meeting these fiduciary obligations in exploratory research, we 
recommend that BCI teams take the concrete step of formalizing “check-ins.” 
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Ideally, the timing and content of these check-ins should be established at study 
outset and be well communicated to all members of the team, including participant 
collaborators (e.g., every 3 months). Assessments to take place during these check-
ins should include: (1) interest of participants or participant pairs in continuing 
their participation, (2) emotional effects on participants and team members,  
(3) changing beliefs of team members about the likelihood of project success, and 
(4) changing roles or expectations of participants and team members. The primary 
purpose of these check-ins—made clear to all at study outset—is to provide the 
data needed for repeated discussions about the present and future of the project, 
including when it should end and under what conditions. Although participant 
collaborators should be encouraged to bring concerns or questions to the research 
team at any time, scheduled check-ins may ease the burden on participants and 
caregivers of initiating such conversations. Such a formalized process will not 
eliminate all ethical issues related to ending exploratory BCI trials, but may at 
least provide a tool for addressing some of them.

Notes

 1.  For definitions of LIS, see Bauer G, Gerstenbrand F, Rumpl E. Varieties of the locked-in syndrome. 
Journal of Neurology 1979;221(2):77–91 and Smith E, Delargy M. Locked-in syndrome. Clinical Review 
British Medical Journal 2005;330:406–9. The difficulty of distinguishing total LIS from a disorder of 
consciousness (e.g., persistent vegetative state [PVS]) based on a criterion of observable behavior 
has led some to offer the term “functional LIS” or “behaviorally unresponsive” patients who retain 
residual covert awareness. See Bruno MA, Vanhaudenhuyse A, Thibaut A, Moonen G, Laureys S. 
From unresponsive wakefulness to minimally conscious PLUS and functional locked-in syndromes: 
recent advances in our understanding of disorders of consciousness. Journal of Neurology 2011; 
258(7):1373–84 and Peterson A, Naci L, Weijer C, Cruse D, Fernández-Espejo D, Graham M, et al. 
Assessing decision-making capacity in the behaviorally nonresponsive patient with residual covert 
awareness. AJOB Neuroscience 2013;4(4):3–14. As will be noted in the case discussed here, we put 
this terminological debate to the side.

 2.  Chiò A, Logroscino G, Hardiman O, Swingler R, Mitchell D, Beghi E, et al. Eurals Consortium. 
Prognostic factors in ALS: A critical review. Amyotrophic Lateral Sclerosis 2009;10(5–6):310–23.

 3.  See note 1, Smith 2005.
 4.  Vansteensel MJ, Pels EG, Bleichner MG, Branco MP, Denison T, Freudenburg ZV, et al. Fully 

implanted brain–computer interface in a locked-in patient with ALS. New England Journal of 
Medicine 2016;375(21):2060–6.

 5.  Akcakaya M, Peters B, Moghadamfalahi M, Mooney AR, Orhan U, Oken B, et al. Noninvasive 
brain–computer interfaces for augmentative and alternative communication. IEEE Reviews in 
Biomedical Engineering 2014;7:31–49.

 6.  Wolpaw JR, Birbaumer N, McFarland DJ, Pfurtscheller G, Vaughan TM. Brain–computer interfaces 
for communication and control. Clinical Neurophysiology 2002;113(6):767–91; Blankertz B, Dornhege G, 
Krauledat M, Schröder M, Williamson J, Murray-Smith R, et al. The Berlin brain–computer inter-
face presents the novel mental typewriter Hex-o-Spell. In: Proceedings of the 3rd International Brain–
Computer Interface Workshop and Training Course, September 21–24 2006. Graz:Verlag der Technischen 
Universität Graz 2006; available at http://eprints.maynoothuniversity.ie/1786/ (last accessed 15 May 
2018).

 7.  Haselager P, Vlek R, Hill J, Nijboer F. A note on ethical aspects of BCI. Neural Networks 2009; 
22(9):1352–7; Clausen J. Conceptual and ethical issues with brain–hardware interfaces. Current 
Opinion in Psychiatry 2011;24(6):495–501.

 8.  Phillips LH. Communicating with the “locked-in” patient: Because you can do it, should you? 
Neurology 2006;67(3):380–1.

 9.  Bruno MA, Bernheim JL, Ledoux D, Pellas F, Demertzi A, Laureys S. A survey on self-assessed 
well-being in a cohort of chronic locked-in syndrome patients: happy majority, miserable minority. 
BMJ Open. 2011;1(1):e000039; Laureys S, Pellas F, Van Eeckhout P, Ghorbel S, Schnakers C, Perrin F, 
et al. The locked-in syndrome: What is it like to be conscious but paralyzed and voiceless? Progress 
in Brain Research 2005;150:495–611.

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/S

09
63

18
01

18
00

01
54

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

http://eprints.maynoothuniversity.ie/1786/
https://doi.org/10.1017/S0963180118000154


Eran Klein, Betts Peters, and Matt Higger

672

 10.  See note 7, Clausen 2011.
 11.  Kyselo M. Locked-in syndrome and BCI—towards an enactive approach to the self. Neuroethics 

2013;6(3):579–91.
 12.  Johansson V, Soekadar SR, Clausen J. Locked out: Ignorance and responsibility in brain–computer 

interface communication in locked-in syndrome. Cambridge Quarterly of Healthcare Ethics. 2017; 
26(4):555–76.

 13.  Kageyama Y, Hirata M, Yanagisawa T, Shimokawa T, Sawada J, Morris S, et al. Severely affected 
ALS patients have broad and high expectations for brain–machine interfaces. Amyotrophic Lateral 
Sclerosis and Frontotemporal Degeneration 2014;15(7–8):513–9.

 14.  United States National Commission for the Protection of Human Subjects of Biomedical and 
Behavioral Research. The Belmont Report: Ethical Guidelines for the Protection of Human Subjects 
of Research. Washington, DC: United States Government Printing Office; 1979.

 15.  Bendtsen K. Communicating with the minimally conscious: Ethical implications in end-of-life care. 
AJOB Neuroscience 2013;4(1):46–51; Monti MM, Vanhaudenhuyse A, Coleman MR, Boly M, Pickard JD, 
Tshibanda L, et al. Willful modulation of brain activity in disorders of consciousness. New England 
Journal of Medicine 2010;362(7):579–89; Fins JJ. A proposed ethical framework for interventional 
cognitive neuroscience: A consideration of deep brain stimulation impaired consciousness. Neurological 
Research. 2000;22(3):273–8.

 16.  We mean to distinguish exploratory research in a general sense from regulatory definitions of 
exploratory research, such as the United States Food And Drug Administration’s (FDA) use of 
exploratory research to connote an investigational drug trial that “(1) is conducted early in phase 1; 
(2) involves very limited human exposure; and (3) has no therapeutic or diagnostic intent.” See 
Guidance for industry, investigators, and reviewers on exploratory IND studies. FDA, January 2006; 
available at https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/
guidances/ucm078933.pdf (last accessed 11 May 2018).

 17.  We have elected not to use the participant’s real name because we are unable to obtain his consent 
for this. His wife, his surrogate decisionmaker, gave permission to discuss this case and their 
involvement in this research project.

 18.  We appreciate that for those who adopt a strict definition of BCI research—namely, that BCI 
research uses neural data exclusively—the current study may fail to meet this definition. EMG and 
EOG are often equally encouraging directions of research. EMG measures muscle activity via elec-
trodes placed on the surface of the skin, whereas EOG is a special type of EMG that relates to eye 
movement. In this article, we take the more inclusive view that a BCI study can include both neural 
data and non-neural data (EOG, EMG, eye gaze).

 19.  Higger M, Quivira F, Akcakaya M, Moghadamfalahi M, Nezamfar H, Cetin M, et al. Recursive 
Bayesian coding for BCIs. IEEE Transactions on Neural Systems and Rehabilitation Engineering 2017; 
25:704–14.

 20.  Fried C. Medical Experimentation: Personal Integrity and Social Policy. New York: American Elsevier; 
1974.

 21.  Freedman B. Equipoise and the ethics of clinical research. New England Journal of Medicine 1987; 
317(3):141–5; Djulbegovic B. Articulating and responding to uncertainties in clinical research. 
Journal of Medicine and Philosophy 2007;32(2):79–98; Veatch RM. Indifference of subjects: An alternative 
to equipoise in randomized clinical trials. Social Philosophy and Policy 2002;19(2):295–323; Ashcroft R. 
Equipoise, knowledge and ethics in clinical research and practice. Bioethics 1999;13(3–4):314–26; 
Buchanan D, Miller FG. Principles of early stopping of randomized trials for efficacy: A critique of 
equipoise and an alternative nonexploitation ethical framework. Kennedy Institute of Ethics Journal 
2005;15(2):161–78; Miller FG, Joffe S. Equipoise and the dilemma of randomized clinical trials. New 
England Journal of Medicine 2011;364(5):476–80; London AJ. Clinical equipoise: Foundational 
requirement or fundamental error? In: Steinbock B, ed, The Oxford Handbook of Bioethics. New York: 
Oxford University Press; 2009:571–96; Gifford F. Community-equipoise and the ethics of randomized 
clinical trials. Bioethics 1995;9(2):127–48; Karlawish JH, Lantos J. Community equipoise and the 
architecture of clinical research. Cambridge Quarterly of Healthcare Ethics 1997;6(4):385–96; Weijer C, 
Shapiro SH, Cranley KG. For and against: Clinical equipoise and not the uncertainty principle 
is the moral underpinning of the randomised controlled trial. BMJ (Clinical Research ed.). 2000; 
321(7263):756–8; Chiong W. The real problem with equipoise. The American Journal of Bioethics 
2006;6(4):37–47.

 22.  Deng C, Hanna K, Bril V, Dalakas MC, Donofrio P, van Doorn PA, et al. Challenges of clinical trial 
design when there is lack of clinical equipoise: Use of a response-conditional crossover design. 
Journal of Neurology 2012;259(2):348–52.

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/S

09
63

18
01

18
00

01
54

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm078933.pdf
https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm078933.pdf
https://doi.org/10.1017/S0963180118000154


Ethical Considerations in Ending Exploratory BCI Research Studies in Locked-in Syndrome

673

 23.  Ghogawala Z, Barker FG, Carter BS. Clinical equipoise and the surgical randomized controlled 
trial. Neurosurgery 2008;62(6):N9–10.

 24.  Wasiewski WW, Johnston KC. Clinical trials, devices, unproven treatments, and clinical equipoise. 
Stroke 2009;40(6):e441–2; McGirr A, Mohammed S, Kurlan R, Cusimano MD. Clinical equipoise in 
idiopathic normal pressure hydrocephalus: A survey of physicians on the need for randomized 
controlled trials assessing the efficacy of cerebrospinal fluid diversion. Journal of the Neurological 
Sciences 2013;333(1):13–8.

 25.  González-Lara LE, Owen AM. Identifying covert cognition in disorders of consciousness. In: Coma 
and Disorders of Consciousness, Springer. 2017; 77–96; available at https://link.springer.com/chapter/ 
10.1007/978-3-319-55964-3_5 (last accessed 11 May 2018).

 26.  See note 21, London 2009.
 27.  Miller FG, Brody H. A critique of clinical equipoise:Ttherapeutic misconception in the ethics of 

clinical trials. Hastings Center Report 2003;33(3):19–28.
 28.  OCEBM Levels of Evidence Working Group “The Oxford 2011 Levels of Evidence.” Oxford Centre 

for Evidence-Based Medicine; available at http://www.cebm.net/index.aspx?o=5653 (last accessed 
27 Feb 2018).

 29.  See note 21, Buchanan, Miller 2005.
 30.  Kübler A, Winter S, Ludolph AC, Hautzinger M, Birbaumer N. Severity of depressive symptoms 

and quality of life in patients with amyotrophic lateral sclerosis. Neurorehabilitation and Neural 
Repair 2005;19(3):182–93.

 31.  Herron JA, Thompson MC, Brown T, Chizeck HJ, Ojemann JG, Ko AL. Chronic electrocorticogra-
phy for sensing movement intention and closed-loop deep brain stimulation with wearable sensors 
in an essential tremor patient. Journal of Neurosurgery 2016;127(3):580–7.

 32.  Hochberg LR, Serruya MD, Friehs GM, Mukand JA, Saleh M, Caplan AH, et al. Neuronal ensemble 
control of prosthetic devices by a human with tetraplegia. Nature 2006;442(7099):164–71.

 33.  Miller PB, Weijer C. Rehabilitating equipoise. Kennedy Institute of Ethics Journal 2003;13(2):93–118; 
Miller PB, Weijer C. Trust based obligations of the state and physician-researchers to patient-subjects. 
Journal of Medical Ethics 2006a;32(9):542–7; Miller PB, Weijer C. Fiduciary obligation in clinical research. 
The Journal of Law, Medicine & Ethics 2006b;34(2):424–40.

 34.  Questions were read aloud to the participant (and repeated several times), but the researchers 
did not elicit reliable verbal or motor responses. The participant’s wife felt that he did respond 
affirmatively to some of these questions through eye movements, but researchers were  
unable to confirm these. The participant’s wife provided surrogate consent for research 
participation.

 35.  Vlek RJ, Steines D, Szibbo D, Kübler A, Schneider MJ, Haselager P, et al. Ethical issues in brain–
computer interface research, development, and dissemination. Journal of Neurologic Physical Therapy 
2012;36(2):94–9.

 36.  Grübler G, Al-Khodairy A, Leeb R, Pisotta I, Riccio A, Rohm M, et al. Psychosocial and ethical 
aspects in non-invasive EEG-based BCI research—A survey among BCI users and BCI professionals. 
Neuroethics 2014;7(1):29–41, at 35.

 37.  Appelbaum PS, Roth LH, Lidz CW, Benson P, Winslade W. False hopes and best data: Consent to 
research and the therapeutic misconception. Hastings Center Report 1987;17(2):20–4.

 38.  Sulmasy DP, Astrow AB, He MK, Seils DM, Meropol NJ, Micco E, et al. The culture of faith and 
hope: Patients’ justifications for their high estimations of expected therapeutic benefit when enrolling 
in early phase oncology trials. Cancer 2010;116(15):3702–11; Weinfurt KP, Castel LD, Li Y, Sulmasy DP, 
Balshem AM, Benson AB, et al. The correlation between patient characteristics and expectations of 
benefit from Phase I clinical trials. Cancer 2003;98(1):166–75.

 39.  Lipsman N, Giacobbe P, Bernstein M, Lozano AM. Informed consent for clinical trials of deep brain 
stimulation in psychiatric disease: challenges and implications for trial design. Journal of Medical 
Ethics. 2012;38(2):107–11.

 40.  Edwards SJ. Protecting privacy interests in brain images: The limits of consent. In: I Know  
What You’re Thinking. Brain Imaging and Mental Privacy. Oxford: Oxford University Press; 
2012:245–60.

 41.  See note 35, Vlek et al. 2012.
 42.  See note 36, Grübler et al. 2014.
 43.  See note 33, Miller, Weijer 2006a, 2006b.
 44.  See note 27, Miller, Brody 2003.
 45.  See note 33, Miller, Weijer 2006a, 2006b.
 46.  See note 21, London 2009, Chiong 2006.

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/S

09
63

18
01

18
00

01
54

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://link.springer.com/chapter/10.1007/978-3-319-55964-3_5
https://link.springer.com/chapter/10.1007/978-3-319-55964-3_5
http://www.cebm.net/index.aspx?o=5653
https://doi.org/10.1017/S0963180118000154


Eran Klein, Betts Peters, and Matt Higger

674

 47.  Anderson JA. Contextualizing clinical research: The epistemological role of clinical equipoise. Theoretical 
Medicine and Bioethics 2009;30(4):269–88; Anderson JA. Clinical research in context: Reexamining the 
distinction between research and practice. Journal of Medicine and Philosophy 2010;35(1):46–63.

 48.  Kowalski CJ, Hutchinson RJ, Mrdjenovich AJ. The ethics of clinical care and the ethics of clinical 
research: Yin and yang. The Journal of Medicine and Philosophy 2017;42(1):7–32.

 49.  Hess P. Intracranial stem cell-based transplantation: Reconsidering the ethics of phase 1 clinical 
trials in light of irreversible interventions in the brain. AJOB Neuroscience 2012;3(2):3–13.

 50.  Clarification of roles may require concomitant development of new terminology to label these roles. 
For example, the terms “team” and “team members” are ambiguous as to whether participants and 
caregivers are encompassed by these terms. Additional terminology may need to be adopted (e.g., 
the “researcher team,” which is subject to regulatory oversight versus the broader “project team,” 
which also includes research participants and caregivers). To avoid confusion in describing the cur-
rent study, we have kept, somewhat reluctantly, to the convention of using “team” to only refer to 
traditional researchers (not the participant and family), in the case described here, a speech-language 
pathologist and two engineers.

 

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/S

09
63

18
01

18
00

01
54

 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/S0963180118000154

