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Artificial intelligence (AI) is inducing a profound transforma-
tion of both the practice and structure of medicine. This im-
plies changes in tasks, where certain processes may be taken
over byAI applications, as well as novel ways of collaborating
and integrating information. Consider a recent example where
AI is used to avoid suicide attempts by using smartphones’
native sensors and signal processing techniques [1]. This new
suicide prevention technique requires the psychiatrist to ac-
quire new skills (handling and interpreting continuous patient
data sent by a dedicated application) and interact with new
actors (programmers, data managers, etc.). Further, the abun-
dance of individual patient data may contribute to a shift in
conceptualizing care—from the traditional identification of
general risk factors towards more tailored prevention strate-
gies in the sense of personalized medicine [1].

Thus, unlike past technologies, AI has the potential to not
only enhance medical capacity but also change the way health
professionals are organized and embedded into the broader
medical context. In particular, the implementation of AI appli-
cations is leading to a redistribution and renegotiation of re-
sponsibilities—and thus power—both within medicine and in
relation with other stakeholders. This article discusses the fu-
ture impact of AI on psychiatry, highlights the challenges for
research, and outlines perspectives for the next generation of
psychiatrists.

Artificial Intelligence: General Background

AI is a term in computer science that refers to a system that can
reason, learn, and plan, and which exhibits behavior which we
associate with biological intelligent systems. Machine
learning refers to a programming approach in computer sci-
ence in which the behavior of a program is not fully deter-
mined by the code but can adapt its behavior (i.e., learn) based
on the input data. Deep learning is a particular variant of
machine learning which is often modelled on artificial neural
networks. The latter typically consist of interconnected
nodes—representing artificial neurons—with an input layer,
hidden layers, and an output layer. In the hidden layers, data
from the input layer undergo transformations multiple times
[2].

AI, and in particular deep learning techniques, is thus dis-
tinct from other, more “linear” technical innovations such as
coronary catheterization. The reason is AI’s learning capacity
that allows for recursive self-improvement. This requires us to
shift from viewing these new technologies as simple objects.
In fact, in sociologic terms, AI devices may become quasi-
social actors with agency and contribute to the re-organization
of a wider social system [3].

Using an example from the transport sector, linear technical
innovations can make a car faster by improving the engine,
which does not change the way cars are perceived and han-
dled. Conversely, self-driving cars and the decisions they
make significantly impact the role of human drivers in terms
of their responsibilities and interactions with other road users,
which potentially challenges the model of who is in charge:
the driver or the car. The disruptive quality of AI innovations
further lies with its unprecedented speed, surpassing the ex-
pectations that we usually base on past experience. Indeed,
while still under development in early 2016, effective instant
language translation using Internet-based machine learning is
now offered free of charge by several providers, with major
implications for the labor market [4].
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In the medical field, an emblematic example of the impact
of AI on the work of physicians is radiology, which by its very
nature relies extensively on machines and where the transfor-
mation of the profession already has begun. Current artificial
neural networks have accuracy rates that surpass those of hu-
man radiologists in tasks such as mammogram reading for
breast cancer screening, as reported in a recent large-scale
study funded and co-conducted by Google [5]. This raises,
on the one hand, concerns about reduced demand for radiolo-
gists. On the other hand, careers are built with AI as a vantage
point as academic medical centers now host their first gener-
ation of radiology professors who are experts on AI in medical
imaging.

The dimensions of potential job displacement have recently
been estimated for high-income countries and appear signifi-
cant. Although lower than the average of all occupations, the
mean probability of automation for health professionals is
currently estimated at 35%, and it rises to 45% for paramedical
professions [6]. Across sectors, experts expect these changes
to occur within 5–10 years [4].

Artificial Intelligence and Psychiatry

Potential applications of AI in psychiatry can be broadly
grouped into two categories [7]. One is natural language pro-
cessing, which enables computers to understand, interpret,
and manipulate human language. Research in this field has
advanced significantly thanks to the vast amount of text avail-
able on the Internet along with exponentially increasing com-
puting power. For example, researchers used natural language
processing to analyze the speech patterns of 34 individuals at
high risk for psychosis in a proof-of-concept exploration.
Their predictive analytics algorithm outperformed clinical rat-
ings in the prediction of psychosis, a finding cross-validated in
a larger sample [8]. Another application are chatbots—digital
conversational agents that use AI methods via text and/or
voice to mimic human behavior through evolving dialogue.
They are seen as a means to provide mental health care in
regions with low access to medical care or to persons who
have difficulties disclosing their feelings to a human being
[9]. Chatbots providing cognitive behavioral therapy in a non-
clinical college population were shown to be effective in re-
ducing symptoms of depression and anxiety [10].

The second category of applications involves AI for the
integration of diverse biomarkers (clinical, imaging, genetics,
etc.) in classifying certain disorders [11]. In the case of de-
mentia, for example, a recent review on deep learning tech-
niques for the early detection and automated classification of
Alzheimer’s disease has found accuracies of up to 98.8%
using a combination of MRI, PET, and CSF as markers [12].
In the case of depression, machine learning–based algorithms
that included functionally validated pharmacogenomic

biomarkers joined with clinical measures have recently been
reported to predict selective serotonin reuptake inhibitor
remission/response with an area under the curve of > 0.7, a
threshold deemed clinically meaningful [13].

While many other examples exist, the current state of re-
search on AI applications in psychiatry and its transfer into
clinical practice is not nearly as advanced as in other fields
such as medical imaging. A recent review on this question
concludes that there is a high potential for AI in mental health
care but most studies are still in a stage of early proof-of-
concept [14]. The research trend is strong however, with a
250% increase in articles on “artificial intelligence and psy-
chiatry” between 2015 and 2019 in PubMed. It seems likely
that this trend will continue and foster the introduction of AI
applications into routine psychiatric care.

Challenges for the Discipline

The challenges that such applications hold for psychiatrists
can be related to at least four dimensions. The first concerns
the attitudes of psychiatrists towards AI. An international sur-
vey by Doraiswamy et al. with 791 respondents found that
most psychiatrists were skeptical that AI could perform com-
plex psychiatric tasks as well as or better than human doctors,
and only 4% respondents thought it was likely that future
technology would make their jobs obsolete. This led the au-
thors to suggest that psychiatrists may underestimate the speed
of progress and therefore lack preparedness [15]. These find-
ings are relevant since, on the one hand, it is well understood
that attitudes towards a new technology will determine its
degree of adoption [16]. On the other hand, as a consequence,
this could mean that AI applications for mental health will be
implemented anyways—but without psychiatrists. This is the
case with the abovementioned chatbot, which has been devel-
oped by a private corporation outside the medical field. While
this may not automatically result in competition (when the
chatbot is used e.g. with refugees who have very limited ac-
cess to regular mental health care), it raises important profes-
sional questions.

This leads to the second dimension, which is the potential
obsolescence of psychiatrists. Given their specific skillset—
including, notably, complex social skills—it seems likely that
psychiatrists may actually be relatively well sheltered from job
displacement. Indeed, psychiatry requires greater integration
of cultural and psychosocial factors than other, more pattern-
based disciplines [17]. Hence, in a perspective where compe-
tencies that are complementary to machine prediction will
become more valuable in the future while competencies that
are substitutes for machine prediction will become less valu-
able [18], psychiatrists could capitalize on the potential bene-
fits of AI in psychiatric practice. These include, as proposed
by Kim et al. and illustrated by our examples, (1) potentially
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better diagnoses (particularly in initial patient evaluation in-
cluding early recognition, and assessment of psychopharma-
cology) and (2) potentially better outcomes due to improved
capacity to select viable treatments (either psychotherapeutic
or psychopharmacological treatment, as well as professional
social support systems) based on diagnostic criteria, thus re-
ducing human error or vulnerability to bias [19]. Without hav-
ing sought to, psychiatry may become a model for other dis-
ciplines—where the primary focus is largely on communica-
tion and interaction with the patient, and where intuition, em-
pathy, and abstraction are valued and sheltered assets. By
using these virtues, AI may actually help attract more students
to the discipline.

Third, while our examples so far have largely remained
within the hospital walls, we must consider an important trend
in the outside realm—the increasing use and role of social
media and its particular implications for AI in psychiatry.
The reason lies with the very nature of social media—to har-
ness and share emotions—which means that tremendous
amounts of data (which can be text, but also shared content
or “likes”) are available in real time and can be linked to
emotional states [20]. As a consequence, social media have
become a space where prediction and diagnosis of mental
disorders can take place outside of the traditional medical
domain. Facebook has employed suicide risk screening of
users since 2017 which likely relies upon deep learning algo-
rithms, although no details on the program have been provid-
ed by the company. In terms of medical diagnosis, a recent
study using machine learning has demonstrated that content
shared on Facebook can predict the documented onset of de-
pression with fair accuracy (area under the curve = 0.69) [21].
The overall evidence base for the efficacy of this type of al-
gorithms appears thus solid, and the authors of a recent appli-
cation study underscore that that the question is not anymore if
technologies like this will be implemented, but how [22], to
which we may add by whom.

Finally, the impact of AI on psychiatry could concern the
very foundations of the discipline: the definition of mental
illness. This point reflects recurrent critiques of diagnostic
classifications in psychiatry, drawing on issues such as reli-
ability [23] and diffuse symptom expression in early stages of
illness [24]. In this context, the potential role of AI could at
first be to “refine” nosological schemes in the sense of per-
sonalized medicine. In this scenario, using traditional diagnos-
tic labels, AI can assist in identifying novel biomarkers which,
in turn, may allow to better identify variation in phenotypes
and targeted treatment options [25, 26]. More radically then,
some argue that AI could be a means to abandon diagnostic
labels altogether and rely on alternative concepts such as func-
tional domains as proposed in the Research Domain Criteria
[27]. Using this correlation matrix is seen as key to exposing
hidden, previously unknown data features and to the creation
of more accurate clinical outcome prediction [28].

Alternatively, AI could allow identifying entirely new demar-
cations that result from the full integration of the vast data
domains (clinical, social, neurobiology, imaging, genetics,
etc.) available [25]. This could rely on autoencoders—neural
networks that can automatically learn how to extract features
from diverse data sources. For example, a study linking GPS
data to depression has demonstrated that autoencoders, using
raw input data, are more precise in predicting depressive states
than models with predefined mobility features (such as total
distance covered or number of places visited) [29].

Challenges and Questions for Research

These examples highlight the challenges and implications of
deployment of AI for psychiatrists. They underscore the need
of a more detailed and structured understanding of the dynam-
ic that AI unfolds in terms of social and organizational factors.
We group these challenges in three broad categories and sug-
gest avenues to explore them further.

The first concerns the internal organization of physicians in
terms of disciplines, tasks, and training. Indeed, we have noted
different attitudes towards the implementation of AI which
implies that there is a continuum of how the adoption of AI
is perceived among different medical disciplines. We can fur-
ther hypothesize that there is differential adoption within psy-
chiatry, for example along the lines of practice traditions (bi-
ological psychiatry, social psychiatry, etc.). What are the fac-
tors shaping such a continuum? How do these factors affect
the balance among groups? Will there be an accentuation of
silo-thinking, or can AI foster trans-disciplinary, trans-
professional collaboration? These questions evoke a strand
of literature which views the medical profession as constituted
by different segments (largely equivalent to disciplines) with
distinctive identities and goals. They organize activities which
will secure an institutional position, and the organization of
the profession shifts with the competition and conflict of these
segments in movement [30, 31].

The second category of challenges includes the link of
innovation and leadership. Will AI facilitate the surge of
new leaders who will challenge the established order? These
changesmay be as disruptive as the technological innovations.
What would be the profile of this new generation of leaders
and managers and, more broadly, what are the competencies
that characterize them? One way to conceptualize the role of
innovation in social change is the notion of entrepreneurs [32],
theorizing such individuals as driven by an intrinsic motiva-
tion for innovation, but also by the desire for power. In pur-
suing a certain vision of desired behaviors, by use of innova-
tions, entrepreneurs engage in “creative destruction” of
established rules, orders, and values. Understanding these as-
pects will inform the debate on change management in health
organizations such as hospitals, for which the literature
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emphasizes the facilitating role of strong leadership in creating
a context receptive for change [16].

The third category of challenges concerns the interaction
with professions and institutions outside the medical domain.
Indeed, the innovations discussed in our illustrations also rely
significantly on the expertise of people such as software engi-
neers. In the case of chatbots, for example, the majority of
research is presented at engineering conferences, outside of
traditional medical publication outlets [9]. At the same time,
the expertise on AI applications is currently heavily concen-
trated around private corporations. Will this mean a redistri-
bution of competencies between the medical sphere and
others, drawing on new sources of legitimacy such as pro-
gramming and data management skills? This echoes the idea
that the power of physicians is rooted in their ability to define
a coherent set of knowledge around the art and science of
medicine, strongly linked to the capacity of the profession to
organize itself in an effective manner [33]. As such, medicine
in general and psychiatry in particular are then in constant
competition with other occupations and professions claiming
the legitimacy to address social phenomena such as disease
and illness [34].

Perspectives for Future Psychiatrists
and Their Teachers

While we have so far raised many critical questions, we be-
lieve that there are numerous ways to prepare psychiatry for
the advent of AI. This includes a broad and timely discussion
of challenges in order to develop an evidence base for in-
formed decisions. Addressing the challenges requires research
on the qualitative aspects of AI’s role in psychiatry as well as
empirical and conceptual work on the link between innovation
and social change—from the level of frontline implementation
up to the realm of national policy making. In this process,
academic medicine will play a double role. On the one hand,
academic medical centers are the place where most innova-
tions are tested, implemented, or even generated. On the other
hand, medical schools and their affiliated facilities are key to
the socialization of the profession and thus strongly structure
its internal organization. Academic medicine is setting
norms—which will be altered by, and adapted to, the transfor-
mative nature of AI.

One crucial challenge in this process is that of privacy and
ethical issues, which is particularly relevant in the vulnerable
type of population that psychiatric patients represent. The
tradeoff between potential prevention to be gained from AI
applications and the related data privacy problems should be-
come a key theme in training. This is an opportunity to em-
phasize a trademark of medical deontology—the intimacy of
the patient-practitioner dyad and the medical secret—in oppo-
sition to the current practice of digital corporations which

consists in “running codes and apologies” (i.e., first establish-
ing new techniques without seeking ex ante consensus on
privacy and other issues, and then dealing with the effects
later). Including user experience in such teaching units, in
particular in domains such as suicide prevention, seems a par-
ticularly worthwhile avenue to pursue and could also enhance
the “data literacy” [2] of the population in question.

In order to be effective, such specific training contents
should be as concrete as possible. One way to do so is by
associating trainees hands-on in the design, operation, and
evaluation of AI applications to psychiatry. One example is
a study mentioned at the beginning of this article, initiated and
operated by two psychiatric teaching hospitals in France and
Spain. It combines mobile-health and AI methods to avoid
suicide attempts by using smartphones’ native sensors, ad-
vanced machine learning, and signal processing techniques
in order to identify suicide risk [1]. Mobilizing scientists and
clinicians from various domains, it is an illustration of linking
research and training; residency programs should benefit from
such projects by proposing short-term rotations or longer re-
search assignments. Again, this training content could and
should be enhanced by including user experience. In
discussing directly with patients and/or non-symptomatic “tar-
gets” of AI applications, psychiatric trainees are likely to gain
the most sustainable understanding of the issues at play. This
would allow them to become literate in AI and turn them into
empowered stakeholders—in a setting, as we have argued,
where many segments inside and outside the medical profes-
sion will make their claim. While we focus here on the ques-
tion of residency, the foundations of this literacy must, how-
ever, be laid much earlier—during statistics courses at medical
school or, even better, at college level. To this end, AI tech-
niques can be introduced as one possibility among others to
address issues in population health or evidence-based medi-
cine [35]. Across all stages of education, hackathons (coding
competitions of small teams around a given theme) have re-
cently emerged as a means of engaging a variety of profiles
(students, entrepreneurs, scientists, etc.) in an alternative for-
mat that makes medical innovation education more accessible
and easily adoptable for academic medical centers [36]. This
format appears particularly well suited for training in the do-
main of AI and, in addition, provides the opportunity to assess
participants’ performance in a team-based and goal-oriented
environment.

The implementation of such dedicated teaching will not
necessarily require substantial resources. Instead, psychiatric
departments will need to activate trans-disciplinary expertise
from data science, engineering, and ethics, or consider to gen-
erate such expertise in-house. The latter represents a key bot-
tleneck in the preparation of future psychiatrists for AI, and
this extends to the fact that role models among senior staff for
the “good” use of AI applications are still very rare. The
“training of the trainers,” as well as continuous education at
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large, therefore represents another key priority for academic
psychiatry centers. There are currently only few institutions
offering short or online courses in this domain, and psychia-
trists should further or even initiate their set-up. In this con-
text, as discussed above, the cooperation with private organi-
zations should require a very careful examination of their in-
terests and ethical standards, and medical boards may provide
a venue to assist with such arbitrations.

Taken together, this article has outlined several promises
and challenges of AI for psychiatry. This includes changes to
the tasks, professional identity, and remit of psychiatrists, in-
herently linked to questions of socialization and training.
Considering psychiatry as part of a wider social system, rather
than navigating inside a disciplinary “bubble,” may prove
very helpful in addressing these challenges. In the meantime,
while not shaping most of routine practice yet, the tracks for a
major transformation are being laid via the ongoing develop-
ment and testing of AI applications. And it is high time to
develop psychiatrists into empowered stakeholders of this
transformation.
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