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In 2021, a research team from the Howard
Hughes Medical Institute reported a sig-
nificant advance with exciting potential for
people with locked-in syndrome—a condi-
tion caused by brain injury, stroke, or dis-
eases such as amyotrophic lateral sclerosis
(ALS) that render patients unable to speak.!
The research team surgically implanted an
array of electrodes in the motor cortex of a
65-year-old male who was paralyzed from
the neck down due to a spinal cord inju-
ry. Using a machine-learning algorithm,
the researchers trained the device to con-
vert patterns of neural activity into letters
by asking the patient to imagine writing
letters. With the device, the patient could
“write” 90 characters per minute (between
8 and 18 words) with an error rate of
around 5%. (The average smartphone user
can type about 115 characters per minute.)
With an autocorrect feature, the error rate
dropped to 2%.

In 2023, the same team extended their
work by developing a speech-to-text device

implanted in the brain of a patient with
ALS who could no longer speak. A neu-
roprosthesis consisting of two microelec-
trode arrays was implanted in a small area
of the ventral premotor cortex and a small
part of Broca’s area. This brain region,
located in the left frontal lobe, serves a
crucial role in speech and language pro-
duction by coordinating motor functions
for speech, helping articulate words, and
forming sentences. The researchers trained
a recurrent neural network to convert
brain activity into text at 62 words per
minute.? Normal human speech produces
about 160 words per minute. Using a gen-
eral English vocabulary of 125,000 words,
the patient produced text with an error
rate of 23.8%. For a smaller word set of 50
words, the error rate was 9.1%.

The researchers improved their neu-
roprosthesis in 2024 by designing one
that required microelectrode arrays to
be implanted only in the left ventral pre-
central gyrus of the brain’s frontal lobe.’
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This new device, which converted neuro-
nal activity into text and text into speech
via a voice synthesizer that mimicked the
patient’s pre-ALS voice, achieved an accu-
racy rate of 99.6% for a 50-word vocabu-
lary and a 90.2% accuracy for a vocabulary
of 125,000 words. With further training,
the neuroprosthesis helped the user attain
a 97.5% accuracy for the larger vocabulary.
By the end of the study, the patient could
carry out conversations at a rate of 32
words per minute.

These neuroscientists hope that their work
will lead to clinical devices that help peo-
ple with locked-in syndrome regain the
ability for rapid communication, stave
off isolation and depression, and improve
their quality of life. Access to these neu-
roprostheses could even shape end-of-life
care for such patients.

Reports like these have become common-
place in the technical literature, and they
highlight the remarkable advances that
have taken place with brain-computer
interface (BCI) technology. BCIs may rev-
olutionize clinical treatments not only for
people with locked-in syndrome but also
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for amputees and people with paraplegia
and quadriplegia. Beyond medical use,
some technologists are eyeing BCI technol-
ogy for nonmedical applications (such as
education and gaming). Others recognize
this technology’s potential to provide cog-
nitive enhancements for healthy individu-
als. Some bioengineers are even exploring
BCIs to tether human brains together.

All of these applications—medical and
nonmedical—raise a host of ethical ques-
tions. For Christians, BCIs also present
theological questions. For example, how
does BCI technology affect human per-
sonhood, identity, and dignity? This paper
makes the case that BCI technology can
have a positive impact on personhood, as
it is defined in relationship to the image of
God, and consequently human dignity. I
assert that personhood arises out of God’s
image. I maintain that the image of God
entails aspects of ontological, functional,
and relational qualities, and all human
beings exist in the image of God. Yet, those
functional aspects evidenced by the call
to advance human flourishing and stew-
ard the Earth (Gen 1:28) can be aided by
advances in BCIs. However, some of the
cutting-edge applications of such technolo-
gy raise significant ethical concerns, many
of which also intersect with questions
about personhood, identity, and human
dignity. Thus, the technical complexity of
this advancing form of technology renders
it difficult to generalize its impact. It must
be assessed on a case-by-case basis.

For a Christian perspective to impact our
culture regarding this exciting and, at
times, frightening emerging biotechnolo-
gy, it is critical to engage the actual state-
of-the-art technology and not a caricature
of it. Unfortunately, it is not uncommon
for people to react to the hype surrounding
BClIs instead of engaging the actual work
that is being performed by bioengineers.
Furthermore, as Sun and Ye point out, peo-
ple sometimes discuss ethical issues from
a general standpoint that neglects specific
features and applications of BCI technolo-
gies.’In short, to effectively engage ethical
and theological issues, a Christian must
possess an informed understanding of BCI
technology.
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Introduction to BCI Technology

One of the most significant milestones
in BCI technology came in 1973, when
Jacques Vidal, a computer scientist from
UCLA, proposed the idea that the brain’s
electrical activity could be used to con-
trol external devices.” However, due to the
requirement for real-time processing of
vast amounts of data, bioengineers made
little progress toward fulfilling Vidal’s pio-
neering ideas and vision for BCI technolo-
gy. In the last several years, BCI research
has moved into the mainstream with an
explosion of research publications and
breakthroughs.® Two factors help explain
this dramatic change. One is the increased
power and decreased cost of computer
hardware and software along with growing
insight into brain signaling. It is now pos-
sible for researchers to reliably direct brain
electrical activity into external hardware.
The second factor is sociological; BCI tech-
nology is now viewed positively. According
to Nicolas-Alonso and Gomez-Gil, “The
chances of using BCIs as auxiliary tech-
nology that might serve severely disabled
people has increased social acceptance
in this field and the need to accelerate its
progress.”” As a result, BCI technology is
beginning to transition from the lab to
clinical settings.

The key conceptual principle behind this
technology relies on the discovery that the
activity within networks of neurons located
in human brains constitutes actual infor-
mation of the same character as that trans-
mitted between machines. Accordingly,
this neurological information functions asa
control system for humans in the same way
that control systems use information to reg-
ulate machines’ activities. For this reason,
information can flow from a biological sys-
tem to a machine, directing the machine’s
operation. In turn, information can flow
from a machine to human brains, provid-
ing feedback about the external world.® The
discovery of electrical activity in animal
and human brains and the invention and
clinical use of EEG technology affirm this
key principle.

Types of BCIs

Several excellent reviews describing BCI
technology in detail have been published.’
For convenience, this paper will summa-
rize key features relevant to this study.

Researchers use different schemes to clas-
sify BCI technology. One of the most use-
tul categories describes the invasiveness of
the technology.

Noninvasive BCIs

This type of system usually involves fit-
ting a modified EEG cap on the patient’s
head with electrodes that contact the scalp.
These contacts pick up electrical activity
in the brain. An obvious advantage of this
BCI is that it does not require surgery to
install. Unfortunately, it suffers from poor
resolution and signal strength.

Semi-Invasive BCIs

To overcome the limitations of nonin-
vasive BCIs, bioengineers have explored
placing electrodes directly on the brain
surface. This approach eliminates the sig-
nal loss that occurs when the electrical
activity from the brain passes through the
skull and scalp. However, it requires sur-
gery to position the BCI on the brain sur-
face. Earlier versions required wires to pass
through the skull and scalp. This issue has
largely been resolved with Bluetooth® tech-
nology, but the technique still suffers from
poor resolution.

Invasive BCIs

Some biomedical researchers have sought
to improve the resolution by directly
implanting these systems into the brain.
This approach allows researchers to stim-
ulate and record the average electrical
activity of thousands of neurons in specific
regions of the brain. Unfortunately, this
improvement comes at a cost. The process
of inserting electrodes into the brain can
damage tissue, lead to scar formation, and
trigger an immune response. Over time,
glial cells in the brain migrate to the elec-
trodes and coat them, which leads to loss
of function.

Neuralink has developed a BCI that
improves upon the limitations of inva-
sive systems.'” Instead of using rigid, fixed
geometry microelectrodes, Neuralink’s
technology relies on more flexible gold fil-
aments that are coated with a biocompati-
ble polyimide polymer. These two features
prevent bleeding and damage to brain tis-
sue when the microelectrodes are insert-
ed. They also reduce the brain’s immune
response. Neuralink has also developed a
microsurgical robot capable of inserting



6 threads per minute, which allows each
thread to be inserted into the brain with
exacting microscopic precision. This pro-
cess permits the BCI to be implanted into
specific brain regions while avoiding blood
vessels.

Work in BCI technology focuses on creat-
ing efficient channels for the information
flow between the human brain and the
machine. There are five sequential stages
to this information flow: (1) signal acquisi-
tion, (2) preprocessing or signal enhance-
ment, (3) feature extraction, (4) classifica-
tion, and (5) the control interface.!! These
five stages capture the brain’s electrical
activity for mathematical processing in a
way that renders it usable for controlling
external devices.

The goal involves converting these pat-
terns into signals that communicate the
patient’s intentions to the external device
and, in doing so, provide the user with the
means to control an external device. The
most common means of converting inten-
tion into action is referred to as active BCI,
by which the user trains with the BCI to
either learn to modulate their brain activ-
ity (by imagining they are moving their
arm, for example) or to train the BCI sys-
tem using machine-learning algorithms to
decipher user intent.

Coupling Artificial Intelligence
and BCI Technology

One of the most significant advances in
BCI technology involves coupling it with
Al This pairing improves the accuracy
and reliability of these systems.'? AT sys-
tems are adept at recognizing patterns in
complex data, making them ideal for pro-
cessing the electrical information coming
from neural tissue and deciphering user
intent, particularly for more sophisticated
and complex applications. Al-driven BCI
systems are also adaptable, and they pro-
cess information instantly, whereas tradi-
tional BCI systems can take up to several
seconds to complete this step.

Combining AI with BCI technology
does have drawbacks. For example, using
these two technologies together requires
vast amounts of training data, which is
time-consuming to generate. The train-
ing data must be high-quality. If not, it
will compromise the performance of the
Al-powered BCI system.

Medical Uses of BCI Technology

Biomedical researchers continue to
explore an ever-expanding range of med-
ical uses for BCI technology.” In addition
to helping people with locked-in syndrome
to communicate, this technology can be
employed by people with amputations
and quadriplegia to control robotic limbs.
People with quadriplegia and paraplegia
can use the technology to gain mobility
through the control of exoskeletons. Also,
BCIs may help stroke patients recover lost
motor function.

BCI technology can also be used to elec-
trically stimulate different brain areas
in patients with neurological disorders
such as Alzheimer’s, Parkinson’s, and
Huntington’s diseases, Tourette’s syn-
drome, dystonia, and essential tremor.
Biomedical researchers are also exploring
ways that passive, noninvasive systems
may diagnose mental illness and sleep dis-
orders. Electrical stimulation may play a
role in treating addiction, depression, anx-
iety, anorexia, obsessive-compulsive dis-
order, and schizophrenia. It may also help
treat insomnia.

Nonmedical Applications of
BCI Technology

While the primary interest in BCI tech-
nology has resided in the clinical arena,
interest is now growing for nonmedical
applications. For now, nonmedical use
primarily centers around noninvasive
technology.”® Apart from educational uses,
most nonmedical applications are intend-
ed for healthy users.

Education

The prospects of using BCI technology in
education have received significant atten-
tion.'® Researchers think that these sys-
tems can provide students with immersive
learning experiences and may help stu-
dents improve focus and memory. Passive,
noninvasive BCIs might even help diag-
nose and assist students with learning dis-
orders.

Gaming and VR

One nonmedical application of BCI tech-
nology that currently receives significant
attention is gaming. Current noninvasive
BCI equipment is slower, less accurate, and
has lower bandwidth than conventional
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interfaces. Current touchless alternatives,
such as voice and gesture control, are
superior to BCIs for gaming purposes. It
appears that the motivation to use BCI
technology for gaming may have more to
do with the experience and novelty than
anything else. Some technologists are
exploring this technology for virtual reali-
ty systems. While performance is current-
ly substandard, it does allow for input that
goes beyond the use of limbs. Allison et al.
refer to this condition as an “induced dis-
ability”—a condition in which fully mobile
individuals do not have full use of their
limbs because their hands are busy."” For
example, surgeons, mechanics, soldiers,
and pilots may find themselves in situa-
tions where both hands are busy. BCI tech-
nology may allow them to control devices
that enable them to complete their work."

Art

One of the more interesting uses of BCI
technology is for creating and experienc-
ing art.”® For example, artists have used the
technology to control robotic limbs that
paint based on the artist’s brain waves.
BCIs have also been used at interactive
displays in art galleries, where the artist’s
brain activity creates a unique visual dis-

play.
Sports

BCI technology may have a place in sports
psychology by helping players improve
and perform well under pressure. Through
neurofeedback, athletes can learn to man-
age stress and performance anxiety. They
can also learn to achieve better concentra-
tion and focus, allowing them to find the
“zone” and remain in it.

Brain-to-Brain Interface Technology

One provocative advance in BCI technol-
ogy involves tethering brains together,
referred to as brain-to-brain interfaces
(BBIs). The feasibility of BBI technology
was demonstrated by Yoo et al. in 2013.%°
Using a noninvasive system, a human test
subject caused the tail of an anesthetized
rat to twitch. With an EEG cap, the human
subject initiated an ultrasound burst that
focused on the motor area of the rat’s brain
that controlled tail movement. The time
delay from thought to tail movement was
about 1.5 seconds.

In2014,aresearch team from the University
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of Washington described the first human-
to-human BBIL.*' They designed a nonin-
vasive BBI that used an EEG to record the
brain activity of the “sender” and tran-
scranial magnetic stimulation (TMS) to
deliver the information to the motor area
of a “receiver’s” brain. The researchers
designed an experiment in which the two
test subjects, located remotely from one
another, had to cooperate to play a com-
puter game. With this configuration, the
sender transmitted information over the
internet, which caused the receiver to press
a touchpad at the desired time.

In 2019, the same research team reported
on a multi-person BBI, which they dubbed
the BrainNet.”> This BBI involved three
human subjects: two senders who trans-
mitted brain signals via the internet using
EEG, and one receiver whose occipital cor-
tex was stimulated using TMS. The receiv-
er was unable to see the computer screen
and had to decide to rotate a block or keep
it in the same orientation, based entire-
ly on the information transmitted to his
brain by the two senders who could see the
computer screen. Using EEG, the receiver’s
decision was transmitted to the computer
system. The average accuracy of complet-
ing the task for five sets of three distinct
test subjects was just over 80%.

Cognitive Enhancement with
BCI Technology

Researchers have a great deal of inter-
est in using BCI technology for cognitive
enhancement. These applications involve
both medical and nonmedical uses, and
often the line between the two is not dis-
tinct. Cognitive enhancement is defined
as improvement in acquiring and gener-
ating knowledge and understanding of
the world, which requires the user to gain
enhanced capability to focus attention,
form knowledge, store and retrieve memo-
ries, exercise judgment, and perform eval-
uations.”® Preliminary work indicates that
noninvasive BCIs can be used to improve
cognition in patients with Alzheimer’s
disease and other forms of dementia by
helping them to regain memory, focus, and
executive function.?* Other researchers are
exploring how BCI systems might improve
cognition in healthy elderly people with
mild cognitive decline.”® Both research
programs show promise.
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Noninvasive, passive technology has
helped neuroscientists better understand
the brain areas and processes that underlie
cognition, a first step in using BCI technol-
ogy to improve cognition in compromised
and healthy individuals. Use of noninva-
sive systems shows promise for improving
memory and performance for numerous
tasks, including complex problem solv-
ing.?* With this initial success, it is not dif-
ficult to envision commercially available,
wearable, noninvasive equipment routine-
ly used by healthy people to improve their
cognitive skills.

Some bioengineers are exploring the use of
collaborative, noncommunicable BCIs for
cognitive enhancement.” Unlike multi-us-
er BBIs, the brains of users do not commu-
nicate. Instead, the BCIs feed information
from each user, process it, integrate it, and
then execute a single action. This multi-us-
er BCI technology has been used to control
robots and play video games.

Finally, bioengineers hope multi-user BBIs
will facilitate cognitive enhancement.
In this case, multiple people collaborate
through direct brain connections to engage
in cooperative problem-solving. Jiang et al.
regard multi-person BBIs as “a social net-
work of connected brains.”*® Multi-user
BBIs are ideal for work that requires sus-
tained alertness and attention that may
include continuous monitoring of instru-
ments and other information sources, pro-
cessing that information, and executing
an action in response to the information.”
Examples of these jobs include aircraft
pilots, power plant workers, and surgeons.

Ethical Concerns

Despite the promising medical and non-
medical applications, BCIs raises various
safety, ethical, and societal concerns. It is
critical to be aware of the types of ethical
concerns associated with this technology,
because many of them interdigitate with
interest in understanding the impact of
this technology on personhood and pro-
tecting human dignity. To identify and
understand the range of these issues,
Burwell et al. carried out a scoping review
of the medical literature using PubMed as
a bibliographic database.’”® Their review
was published in 2017. Because of rapid
advances in BCI technology, Coin et al.
recognized the need to update the work,

systematically reviewing the academic lit-
erature for ethical concerns from 2016 to
2020.*' In 2024, a third group performed
a PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses)
study of the academic literature published
from 2018 to 2023, seeking to identify the
ethical themes that appeared regarding
BCI technology.*

All three studies identified the same safety,
ethical, and societal concerns. Coin et al.
added concerns about animal welfare, and
Livanis et al. added concerns about use of
BCI technology for human enhancements.
Based on the three studies, the safety, eth-
ical, and societal concerns can be grouped
using these 10 criteria: (1) user safety, (2)
humanity and personhood, (3) autonomy,
(4) stigma and normality, (5) privacy and
security, (6) research ethics and informed
consent, (7) responsibility and regulation,
(8) justice, (9) animal welfare, and (10)
human enhancement.

Though these analyses have been conducted
from a secular framework, Christians will
undoubtedly share many of these qualms.
Some have a theological dimension and
raise questions about personhood, identity,
and human dignity. A brief survey of these
issues lays the groundwork for a theological
analysis of BCI technology.

User Safety

Perhaps the most common concern is user
safety, and it is most pressing for invasive
and semi-invasive systems. Damage to the
brain during electrode insertion is a grave
concern. So is the scarring of the neural
tissue triggered by the glial cell response to
the electrodes. Additionally, postsurgical
complications raise worries. Bioengineers
and ethicists have also expressed misgiv-
ings about the short- and long-term health
effects of BCI technology. For example,
what are the effects of repeatedly stimulat-
ing the brain with electrical impulses?

Humanity and Personhood

Several questions arise when it comes to
humanity and personhood. When machin-
ery becomes integrated into the human
body, does that lead to a loss of humani-
ty? How do BCI technologies impact users’
perceptions of themselves and their place
in society? Does this technology compro-
mise the user’s authenticity?



Also, a BCI that stimulates the brain
changes people. It alters their cognition.
It can alter their behavior and personali-
ty. Will people who use these systems lose
themselves? Conversely, BCIs may enable
people with locked-in syndrome to com-
municate. They may also grant people with
quadriplegia and paraplegia the mobility
and self-sufficiency that helps them recov-
er a sense of humanity and personhood.

Autonomy

The capacity for self-determination is
important in and of itself, but it also
impacts other ethical issues such as
informed consent. Many people work-
ing with BCIs worry that the technology
undermines users’ autonomy, particularly
for applications that involve coupling the
BCI with machine-learning algorithms
and AI These mathematical tools are
necessary for extracting user intent from
complex brain activity. But is the action
that results directed by the user, by a col-
laboration of the user and the BCI, or by
the BCI itself?*

Behavioral and personality changes asso-
ciated with some applications are also
concerning. If the patient’s personality has
changed, how can we be sure that the user’s
decisions are the same as they would have
been before receiving the BCI?

On a positive note, technology that helps
users communicate helps recover their
autonomy, allowing them to express their
desires with nuance. This capacity is par-
ticularly important for people who are
locked in who often can only signal their
desires with a simple “yes” or “no.”

Stigma and Normality

For some people, disability is a stigma.
Will social pressure influence disabled
people to seek BCI technology when they
otherwise would not? Of course, BCIs may
help remove the stigma associated with dis-
ability and help patients recover a sense of
normalcy.

What if people view others who use BCI
systems as “cyborgs”? 'This unfortu-
nate label would be mitigated if BCI use
becomes prominent among healthy people
and the technology is viewed as normal.

Privacy and Security

We take for granted that our thoughts are
private, but BCIs could change that free-
dom. BCIs extract information from our
brains. The existence of that information
(outside the human brain) represents a
potential loss of privacy for the BCI user.
In principle, once the information about
a patient’s mental states, psychology, and
private thoughts is public, it can be sold to
third parties. More maliciously, the user
could be blackmailed under the threat that
their private thoughts will be made public.
The loss of privacy is exacerbated in the
case of BBI systems in which multiple users
have their brains tethered together.

Brainjacking (unauthorized control) also
causes uneasiness because this technology
increasingly uses wireless technology and
relies on access to the internet for other
uses. Both make the user vulnerable to bad
actors who could force them to engage in
unintended actions.

Research Ethics and Informed Consent

Can a BCI user really give informed con-
sent? If a person with locked-in syndrome
consents to participate in pre-clinical stud-
ies, they might be able to indicate “yes” or
“no,” but can they communicate their exact
wishes? The technology and its effects on
the brain are complex. Because they suffer
from locked-in syndrome that results from
impaired brain function, can investigators
be sure that these patients fully understand
what they are giving assent to or rejecting?

Some treatments alter behavior and per-
sonality. If so, once a patient’s brain is stim-
ulated with a BCI, is the decision to con-
tinue with the study truly what the patient
would have wished prior to the treatment?
For patients with locked-in syndrome or
quadriplegia or paraplegia, some ethicists
and technologists worry that participants’
involvement in studies may stem from des-
peration and not truly be a voluntary act.

Also, what happens to the patient when
the study comes to an end? Or the com-
pany goes out of business, and the device
is no longer supported? It seems cruel to
give a person with locked-in syndrome the
capacity to communicate and then take it
away because the study is complete and
funding is no longer available. Gilbert et
al. interviewed patients who had their BCI
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systems removed and learned that they felt
a deep sense of loss. This loss made them
question whether taking away access to
BCI technology constitutes a violation of
patients” human rights.**

Responsibility and Regulation

If a BCI user causes harm, who is at fault?
The user? The BCI? The people who devel-
oped and installed the technology? For
more sophisticated applications, machine
learning algorithms or AI are paired with
BCI technology. As a result, it is not clear
if an action is strictly due to user intention
or some combination of user intention
coupled with the BCI’s influence. These
systems also make mistakes—they are not
100 percent accurate in deciphering user
intent. When mistakes happen, the action
is unintended. But who is responsible?

Concern about responsibility only becomes
amplified for BBIs.” Who is responsible for
an action? Is it the sender? Is it the receiv-
er? Is it both?

Justice

Will everyone who could medically bene-
fit from BCI technology have access to it?
And what about nonmedical applications?
Healthy users who have access to this tech-
nology will have advantages that could be
regarded as unfair, particularly if the sys-
tems are expensive. This disparity gives
wealthy individuals an advantage that
could widen the socioeconomic gap.

Animal Welfare

Many advances in BCI technology have
been achieved thanks to animal studies
that help establish feasibility and serve as
the basis for developing and refining the
technology. Nevertheless, using animals
(particularly nonhuman primates, which
are regarded as highly sentient) as test sub-
jects raises concerns about animal welfare
and cruelty.

Human Enhancements

Advances in BCI technology legitimize the
transhumanist movement and place the-
oretical ideas about human enhancement
within reach. BCIs can be used, at least
in principle, to enhance human cognition
beyond natural biological limits. They can
also be used to enhance users’ strength
by empowering exoskeletons or robotic
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prosthetic limbs. These enhancements
threaten human identity. They also raise
ethical questions about experimenting on
healthy people to develop technology for
enhancement purposes.

Personhood and the Protection
of Human Dignity

With an understanding of the state of the
art of BCI technology and an apprecia-
tion of ethical issues raised by ethicists
and investigators working in the field, it
is next necessary to define personhood
and describe human identity and human
nature from a Christian perspective, before
reflecting about the impact of BCI technol-
ogy on personhood, human identity, and
human dignity.

A Definition of Personhood

By no means is the task of defining per-
sonhood straightforward, in part because
secular and Christian views fundamen-
tally diverge. Most secular perspectives
take a strictly functional view of person-
hood, which can be ambiguous. Persons
are afforded dignity and respect and are
granted human rights if they are sentient
and display certain cognitive capacities.*

A Christian worldview regards person-
hood in ontological terms as an essential
aspect of human nature. The basis for
human personhood resides with the image
of God. Because all human beings are “in
Adam,” they bear God’s image and have
personhood independent of functional
capacities.”

If the basis for human personhood rests
on the image of God, then it is important
to define the concept. As conceptualized
here, conservative and evangelical scholars
generally hold to one of three views: (1) the
resemblance view (also called the substan-
tive view or the structural view), which
emphasizes how human nature and attri-
butes resemble God’s nature; (2) the rep-
resentative view (also called the functional
view), which emphasizes human responsi-
bility to rule and steward creation; and (3)
the relational view, which emphasizes the
unique relationship that humans have with
God.* These three views are not mutually
exclusive. The best way to understand the
image-of-God concept is a combination of
the three, with each one reflecting a fac-
et of what it means for human beings to
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reflect God’s image. Yet, the resemblance
view seems to be preeminent because it
incorporates the other two perspectives.”
In contrast to other creatures, if image
bearers have the responsibility to unique-
ly care for the creation or uniquely form
a relationship with the Godhead, then
these two features require that humans
have unique qualities compared to other
animals. For that reason, the resemblance
view will be the primary perspective of
God’s image used to assess the impact of
BCI technology on human dignity, though
other aspects, such as the relational view,
will be considered as well.

But what about people who do not possess
distinct qualities that define the image
of God due to their stage of development
(human embryos and fetuses)? How about
those who never developed these capabil-
ities because of a developmental disorder,
or who lost them due to a neurological dis-
ease or brain injury? Is the image of God
absent in them? These questions stand as
the primary objection to the resemblance
view.*’

In the face of this challenge, it is critical
to keep in mind that every human being
bears God’s image because they are “in
Adam.Human dignity and value stem
from our ontological status in Adam, with
the unique qualities that define human
beings flowing out of our essential nature.
If the brain has not fully developed or is
damaged from injury or disease, the image
of God cannot be fully expressed, but it is
not absent. In this sense, human person-
hood has an ontological basis that gives
rise to unique functional qualities that
are generally observable for most human
beings. Unlike the secular view of person-
hood, functionality doesn’t define person-
hood in a Christian perspective. It conse-
quentially arises.

This idea presupposes a duality in human
beings consisting of both material and
immaterial natures. Because some BCls
are embedded in the brain (for invasive
systems) and can alter a patient’s cogni-
tive skills, behavior, and personality, it is
necessary to pose a model for the relation-
ship between our material and immaterial
natures as part of the process of defining
personhood.

Human beings are a composite of material
and immaterial natures. We are body and
soul. The image of God does not mere-
ly reside in our immaterial self. Human
beings in their entirety are made in God’s
image.”” Our material and immaterial
natures are integrated yet can be separat-
ed. Upon death, the soul goes to be with
God. In this condition, as a bodyless soul,
we are not in our natural state. With our
resurrected bodies, both immaterial and

material natures will once again be reunit-
ed.

This integration of material and imma-
terial natures that can be separated has
been called holistic dualism.*’ In this mod-
el, our brain becomes an instrument for
the expression of our immaterial nature,
which echoes the idea that the ontologi-
cal foundation of the image of God finds
functional expression through the human
brain. Accordingly, a dynamic interaction
takes place between our brain (body) and
our soul (mind and spirit), with changes in
our brain influencing our mind and spir-
it.* In turn, our mind and spirit can influ-
ence our brain.

In summary, in this study, the definition
of personhood used to assess the impact
of BCI technology on human identity and
dignity, rests on the image of God, with
the image of God regarded as a compos-
ite of the resemblance, representative,
and relational views. While these three
perspectives focus on distinct features,
they are not mutually exclusive. Still, the
resemblance view encompasses the oth-
er two perspectives. To uniquely serve as
God’s representative or to have the unique
capacity to relate to God requires qualities
that only human beings possess. Moreover,
the model used in this study is shaped by
the concept of mutualistic dualism, recog-
nizing an interplay between the immateri-
al and material natures of human beings,
with the fullest expression of the image of
God requiring a healthy brain.

BCI’s Impact on Personhood,
Identity, and Human Dignity

Assessing how BCIs affect human person-
hood, identity, and dignity is not straight-
forward. It involves a complex interplay
between science, technology, ethics, and
theology.



Positive Considerations

Despite the complexity of this undertak-
ing, it is clear that BCI technology has the
potential to uphold human personhood,
identity, and dignity, particularly for peo-
ple with locked-in syndrome or quadriple-
gia or paraplegia. BCI systems help patients
previously unable to do so to communi-
cate thoughts, ideas, and emotions. Some
BCI users will be able to compose music,
direct musicians, and create artwork.* The
technology provides mobility to immo-
bile patients by controlling robotic limbs
and exoskeletons so users can regain some
self-sufficiency. Without question, BCI
technology promotes human flourishing
in these patients and should be pursued
with vigor.

Ontologically, these people have inherent
worth and dignity because they bear God’s
image, whether or not they can communi-
cate, move about, or care for themselves.
For these individuals, this technology
offers a way to express the image of God.
In interviews, patients using BCI sys-
tems reported that the technology makes
them feel human again. It changes the
way they perceive themselves. It enhanc-
es their sense of self-worth.** Patients
also expressed gratitude that they had the
opportunity to socialize with others again,
and they valued the chance to participate
in activities. They also felt proud that they
could contribute to medical advance. This
gratitude reflects the relational aspect of
the image of God, by which humans have
the capability of relating to God and oth-
ers. As part of the image of God (according
to the resemblance view), human beings
were created as social beings.

Improving cognition in patients with neu-
rological disorders—or helping elderly
patients regain lost cognitive skills—pro-
motes human flourishing by restoring
self-worth and dignity and regaining the
capacity to express God’s image.

Using BCIs to help diagnose and treat
mental health disorders or to promote
relaxation is beneficial and does not com-
promise human identity. And for mental
health patients who have an addiction
or live with depression or severe mental
health disorders such as schizophrenia,
helping them manage these diseases helps
them recover lost dignity and self-worth.

It also helps them to fully express God’s
image.

While still in the pilot stage, another use
of BCI technology that has the potential to
deliver positive results can be found in the
educational arena. Currently, this technol-
ogy is costly and may not be widely avail-
able to students from lower socioeconomic
strata and it may require specialized train-
ing to implement it. So, equitable access to
the technology becomes a concern. Still,
BCIs could improve educational outcomes,
and exploration of these types of applica-
tions should be welcomed. BCI technolo-
gy may help students better realize their
potential and use their giftedness to con-
tribute to society and serve the church.
Again, this application could possibly pro-
mote human flourishing and allows a more
complete expression of God’s image.

Theological Uneasiness

Human dignity—the inherent worth each
human possesses because they are persons
who bear God’s image—includes auton-
omy and accountability. Each person’s
autonomy is a reflection of their capaci-
ty for free will and self-direction, which
enables moral choices. As part of the image
of God according to the resemblance view,
human beings possess an inherent under-
standing of right and wrong and a desire
for justice. Asimage bearers, human beings
are accountable for their actions and moral
choices. Denying a person autonomy and
accountability for their actions under-
mines their personhood. One ethical issue
with BCI technology is the potential loss of
autonomy, especially for applications that
involve machine-learning algorithms and
AL Uncertainty about who makes deci-
sions (the user, the user in collaboration
with the BCI, or the BCI itself) is prob-
lematic. These systems make errors when
deciphering user intent. This uncertainty
not only raises questions about autonomy
but also about responsibility for the action.
In both cases, the user’s personhood and
dignity are undermined. For example, in
an interview with a patient equipped with
a BCI powered by Al researchers learned
that this person eventually gave up auton-
omy. She stopped listening to her instincts
and ceded her decisions to the BCI system.
She eventually let the system instigate her
decisions.”
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Another  autonomy-related  concern
involves the effect that brain stimulation
has on personality. Using BCI systems to
stimulate the subthalmic nucleus and the
globus pallidus interna—brain structures
involved in motor control—can help con-
trol the motor symptoms of Parkinson’s
disease, but they also render the patient less
risk-averse.*® This change raises a question
about consent for subsequent treatments
with BCI technology. Would the patient
have granted consent if their personali-
ty did not change? This potential loss of
autonomy compromises the patient’s dig-
nity and undermines their agency.

BBI systems are in their infancy as a tech-
nology, yet they raise various concerns
about privacy, autonomy, and responsibili-
ty, all three of which impact human digni-
ty. In multi-user BBI systems, it is not clear
who initiates the action and who should
be responsible for its outcome. Human
beings often collaborate. Group decisions
often involve deliberations before plans
are executed. In these partnerships, each
person’s identity is retained. Anyone can
withdraw if the group is about to engage in
a collective action with which he or she is
uncomfortable. But it is unclear if this pos-
sibility exists for contributors to multi-user
BBIs. If not, then the technology threatens
participants’ autonomy and forces them
to assume responsibility for actions they
would otherwise have opposed.

Human dignity entails privacy, and it
is a right afforded to those with person-
hood status. Humans have an identity
rooted in God’s image, which includes
private thoughts, emotions, and expe-
riences that if shared could be unjustly
exploited to cause harm to themselves or
others. Privacy prevents dehumanization,
with protected information shared with-
in trusted relationships. One of the most
sacrosanct aspects of privacy is the privi-
lege of having your own thoughts and the
freedom to choose to whom one discloses
those thoughts. Having private thoughts
publicly exposed is a direct assault on an
individual’s dignity. Thus, if BCI and BBI
systems lead to a loss of privacy, then they
threaten human dignity.

Do BCI and BBI technologies threaten
human identity? In principle, they could
if the user’s brain is significantly modi-
fied through the technology. Noninvasive
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technology should not be viewed as a
threat. Even though some noninvasive BCI
applications, such as brain stimulation,
may alter personality and behavior, it does
not fundamentally change human identity.
On the other hand, invasive systems pose
a concern.

However, current uses of invasive BCI
technology, even when coupled with
machine-learning algorithms and Al, do
not seem to pose much of a threat. Based
on interviews with people equipped with
invasive systems, the opposite seems to be
the case.”” These people report feeling more
human. They quickly integrate with the
BCI and external devices controlled by the
system. They say that the BCI feels as if it
is a natural part of them and that they have
not changed. They are the same person.

Greater anxiety exists for BBI technolo-
gy. Of course, collaboration is very much
a part of human experience and is how
God made us as image bearers. Though
we are individuals, we are social beings.
We are created to be in relationship with
one another. One aspect of our nature
that makes us exceptional is our capacity
to create and live within complex hierar-
chical social structures. We seek out one
another to work together. As members of
the church, we are described analogically
as part of a body, with each person possess-
ing unique giftings that harmonize with
others’ talents to accomplish the church’s
mission.

BBI technology seems like a natural exten-
sion of the collaborative, social aspect
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