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Explanatory models of the mind inform our working assumptions about mental
illness with direct implications for clinical practice. Neurobiological models assert that
the mind can be understood in terms of genetics, chemistry, and neuronal circuits.
Growing evidence suggests that clinical deployment of neurobiological models of
illness may have unintended adverse effects on patient attitudes, public perception,
provider empathy, and the effectiveness of psychiatric treatment. New approaches
are needed to find a better language for describing (let alone explaining) the
experience of mental illness. To address this gap, we draw upon interdisciplinary
sources and semiotic theory to characterize the role of metaphor in the
conceptualization and communication of psychopathology. We examine the
metaphors recruited by contemporary neurobiological models and metaphor's
role in facilitating descriptive clarity or evocative creativity, depending on intention
and context. These multiple roles reveal the implications of metaphorical reasoning
in clinical practice, including cognitive flexibility, personalized communication, and
uncertainty tolerance. With this analysis, we propose a clinical approach that
embraces the meta-process of ongoing novel metaphor generation and co-
elaboration, or languaging metaphors of psychopathology. Our goal is to bring
attention to the value of employing ever-evolving, shapeable metaphorical
depictions of psychiatric illness: metaphors that enable a capacity for change in
individuals and society, reduce stigma, and nurture recovery.

KEYWORDS

neurobiology, chemical imbalance, metaphor, abduction, clinical communication,
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Introduction

“Metaphorical language depends on non-metaphorical language...the way the art of
healing depends on the presence of injury and disease (1).”

In clinical and public health settings, diverse models of the mind are deployed to make sense
of human experience and the experiences of mental illness. Despite the emphasis on biological
psychiatry in residency training programs, most clinicians are also influenced by non-biological,
philosophical, psychological, and folk models adopted from daily life. An even broader range of
models is adopted by the general public, including various ideas from popular culture,
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alternative medical models, religious, and spiritual perspectives. These
diverse models serve to organize the richness of experience into
something that can be comprehended and communicated. As
described in the seminal work of Kleinman and associates on the
topic (2), learning about and responding to the explanatory models of
illness held by patients provides a crucial opportunity to improve
provider-patient communication: to acknowledge differences, align
goals, and join together in treatment planning.

In psychiatry, even with the recognition of the importance of
explanatory models in the clinical setting, most research has
emphasized the scientific validity of specific models. However, in
recent decades there has been notable advocacy of explanatory
pluralism and attempts to integrate overlapping causal models (3, 4).
In line with this, researchers have begun developing formal methods to
examine the scientific validity of this pluralistic approach, including
efforts to join both biological and non-biological factors into causal
explanations of mental disorders (5). Still, reductive biological
explanations remain prevalent. This fits the biomedical model that
mental disorders are brain disorders which are therefore correctable
with targeted medications, a concept that in recent years has come
under increased scrutiny (6). Though novel nosological efforts to better
characterize psychopathology are in active development, such as the
Hierarchical Taxonomy of Psychopathology (7), they are not widely
adopted by clinicians or scientists compared to the dominant
neurobiological paradigms. Moreover, all of these approaches
emphasize the technical language of scientific classification, whose
intent is for the clinician-scientist to more precisely characterize the
nature of illness and provide relevant treatment. However, in the study,
application and development of these models, there is less emphasis on
the communicative intent and the implications of specific technical
language on clinical care.

Despite a growing emphasis on interdisciplinary collaboration and
shared decision-making between provider and patient in clinical
practice, the psychiatrist is still largely seen as the authority on the
mind and its models (8-10). This power differential between provider
and patient is challenged by competing cultural frames and narratives
that may be discordant between biologically-oriented clinicians and
their diverse patient populations (11). In fact, the difficulty in
establishing shared models of mental illnesses is compounded by
differing beliefs among mental health providers themselves (12).
Further complicating these efforts, there remains a broadly
incomplete account of the varieties of possible psychiatric disorders
across cultures, as even the core issue of what is “abnormal” or a
“malfunction” itself “shifts its character from culture to culture” (13).
The complexity of intersecting personal, public, and scientific contexts
in which the mind is considered requires examination of how
neurobiological models are conveyed and understood by patients
and clinicians.

In the following conceptual analysis, we first review the
shortcomings and potential harm associated with neurobiological
models of illness. We then interpret these findings through the lens
of metaphorical reasoning, considering the ways in which prevalent
explanatory descriptions of “chemical imbalances,” “circuits,” or
“networks” may create dissonance with the lived experience of
mental life and mental illness. Further, we consider that these
dominant neurobiological metaphors and their elicited

Frontiers in Psychiatry

10.3389/fpsyt.2024.1320771

associations risk misunderstanding and stasis, potentially
precluding both expressions of individual subjectivity that support
healing on the part of the patient as well as novel forms of clinical
reasoning on the part of the clinician. Metaphor has been argued to
be central to thought itself (14-16), with metaphors mediating and
shaping patients’ experience of physiologic pain and psychiatric
illness (17, 18). We extend this position to propose that, rather than
clinicians simply using more or different specific metaphors, it is the
process of languaging metaphor - that is, co-elaborating metaphors
through creative, associative dynamics - that may evoke new
understandings." Through co-generation of new metaphors,
patient and clinician can develop a malleable and shared “living
language” to create opportunity for change. To demonstrate the
reasoning behind this framework, we begin by first exploring the
historic and current state of dominant neurobiological explanations
of psychopathology.

Neurobiological models in
clinical practice

Neurobiological explanations of mental illness have been
heralded as the future of psychiatry, with neuroscientific advances
promising to reveal the mechanistic underpinnings of psychiatric
disorders, and thereby unlock novel treatments (21, 22).
Furthermore, the promotion of neurobiological models has had
the laudable goal of reducing the stigma of mental illness by
redirecting blame to a biogenetic pathogenesis (23). However, it
is increasingly apparent that the widespread adoption of
neurobiological explanations in the clinic presents new challenges
and shortcomings (24, 25). Recent evidence suggests that
neurobiological models may be ineffective at reducing blame and
are moreover associated with heightened perceptions of
dangerousness, desire for increased social distance, and pessimism
regarding the potential for recovery (26-30). These findings are
consistent across multiple meta-analyses, with even stronger
associations present when examining experimental (rather than
correlational) studies. Worryingly, neurobiological explanations
have furthermore been found to reduce clinician empathy across
a series of studies (31). As to why this pattern is seen, one proposed
hypothesis is that the impact of neurobiological explanations may
act through two facets of stigma: attribution of uncontrollability
(diminishing individual blame) and psychological essentialism
(increasing social stigma) (32). The communication of any model,
or indeed no explanation at all, is likely to have both positive and
negative effects specific to the target audience, which is influenced
by patients’” individual, familial, and broader societal factors (33).
However, these findings of worsened stigma highlight how the

1 We use ‘languaging” (19) here in the broadest sense possible: as “co-
created meanings (that) arise out of linguistic relationships” and define “the
ways in which we see the world and how we communicate, but it also limits

and confines us” (20).
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unexamined communication of existing neurobiological models of
the mind may carry unintended yet tangible risks of harm to
patients as well as to the general public.

As it stands, few clinicians or patients believe in solely
biomedical causes of mental disorders without consideration of
other factors. Though contemporary allopathic medical training
commonly emphasizes biological pathological mechanisms,
psychiatrists often endorse using multiple models of mental
illness early in their careers (34, 35). In a series of studies on
ontological beliefs about mental disorders, mental health clinicians
consistently conceptualized mental disorders as existing along a
continuum from having biological origins to psychosocial causes
(12). Notably, clinicians who attributed a disorder primarily to a
biological cause were less likely to also identify psychosocial factors
for that disorder, and vice-versa. This tendency to conceptualize
some disorders as diseases of the mind (psychological) and others as
diseases of the body (biological) has also been associated with beliefs
regarding whether psychotherapy or pharmacotherapy would be
most effective for each disorder. Importantly, clinicians’ models in
many instances did not match that of the perspectives held by
laypeople. For example, laypeople were more likely than clinicians
to identify schizophrenia as having psychosocial causes, and
laypeople were also much less likely to believe pharmacologic
treatments to be helpful for mental disorders. In a separate study
that similarly found clinicians employing mind-body dualism,
clinicians’ attributions of behavioral problems to psychological
versus neurobiological causes were also associated with differing
views of patients’ responsibility and blameworthiness for their
symptoms (36). Thus, clinicians and patients simultaneously
employ a variety of models of the mind with direct implications
for clinical reasoning and treatment planning.

Even when examining neurobiological explanations alone, it is
important to note that biological models of the mind and mental
illness are themselves greatly varied and have evolved rapidly over
the last 100 years (30, 37). Furthermore, shifts in biological
explanations have often paralleled new therapeutic technologies.
Most notably, the advent of 20™ century psychopharmacology
contributed to the development of the chemical imbalance model.
This model was based more on the effectiveness of pharmacology
rather than on a mass of underlying bio-pathological evidence,
and yet was promoted by psychiatrists and the broader academic
community (38). This model then spread rapidly through popular
culture and continues to be endorsed by many patients today (39-
41), even though it has been challenged by limited supporting
evidence (42). Recently, interventional methods such as repetitive
transcranial magnetic stimulation (rTMS) may be reinforcing the
perception that mental illness results from a brain circuit
dysfunction that must be corrected (43). Scientific differences
between chemical imbalance and brain circuit models
notwithstanding, it remains to be seen how the newer circuit-
based descriptions will impact public perception. More broadly, it
has been noted that the neurotransmitter-based descriptions and
even dimensional conceptualizations of illness, such as the
Research Domain Criteria (RDoC), bear resemblance to ancient
Greek conceptions of the humors (44). This suggests that, at its
core, at least part of the enduring strength of biological models is
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their appeal to reductionism and the provision of a clear
framework for examining health as a process of correcting
fundamental imbalances.

Neurobiology: model or metaphor?

For all the certainty they may strive to provide, neurobiological
models remain in constant evolution, as do their clinical
implications and public messaging. Illustrating such a shift in
public messaging, media reporting on the Moncrieff et al. (42)
study regarding limited supporting data for the serotonin model of
depression co-occurred with a marked increase in public online
searches related to the term “chemical imbalance,” with a sharp
spike particularly in July 2022 (Figure 1A). Notably, this search
behavior occurred in the context of a relative reduction in the
number of references to this phrase in published English-language
texts — e.g., relative to such phrases as “brain network” (Figure 1B).
These findings may reflect a larger social trend away from chemical
imbalance as an explanatory model, and warrant additional
research in this area. Yet just months after wide reporting on a
lack of data for the serotonin hypothesis in depression, news outlets
also circulated a study with a contrasting message, claiming new
evidence for reduced serotonin release in depression (45, 46). As the
field shifts toward network-based and computational language and
metaphor, it is imperative that clinicians understand how this
language impacts patients since it is likely to have an indelible
impact on public consciousness, much like the chemical
imbalance model.

In addition to uncontrollability and essentialism (32),
neuroscientific language may present a unique challenge. As an
academic discipline, neuroscience struggles with finding accurate
terminology. Neuroscientists regularly use terms such as “encoding”
or “representation” to describe the mapping between brain activity
and mental experience, despite the fact that such terms are poorly
defined (47, 48). Studies may state that they investigate concepts
such as “love” and “lying,” but the phenomenon studied may be
much narrower than, or miss entirely, the lay meanings associated
with such words (49). Speculatively, public understanding of
neurobiology may therefore necessitate reliance on simplified
models of brain function, or demand comparison to more
familiar metaphors such as mechanical descriptions or generic
computer software/hardware analogies. This problem is not
limited to the non-professional public, since biologists themselves
have readily adopted computational models of mental function by
utilizing terminology from engineering disciplines (50). The many
shortcomings of the computational model of the mind have been
raised by neuroscientists, computer scientists, and philosophers
alike (51-54). By contrast, there are some who suggest that the
brain-computer metaphor is just a matter of “semantics,” since the
brain is either literally “a computer” (if one is a computer scientist)
or nothing like it (if one is not) (55).

We consider that the semantics of the brain-computer metaphor
is actually quite important to the future lives of scientists, clinicians,
and the public. Metaphor is central to how we communicate with
patients, and arguably also core to how illness itself is conceptualized
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FIGURE 1

English Language Use of Metaphors for the Brain. (A) Relative search frequency from Google trends for a five year period from 2017-2022 for the
terms “chemical imbalance” (red) and “brain network” (blue) in the United States. The spike in search frequency for “chemical imbalance” coincides
with media reporting on the Moncrieff et al. (2022) meta-analytic study. (B) Fraction of the English language corpus containing the terms “chemical
imbalance” (red) and “brain network” (blue) from Google's Ngram Viewer during the years 1900-2022.

and experienced by both patients and clinicians. It has even been
argued that psychiatry’s theoretical formulations and diagnostic
labels began as metaphors (56). Confusing to the public, metaphors
in the life sciences may be used to communicate both non-literal and
more literal senses, depending on the user, as the brain-computer
metaphor highlights. While metaphors may be used in some cases to
communicate analogous concepts, retaining elements of theoretical
ambiguity and uncertainty, in other instances metaphors (such as the
term “cell” itself) may become so repeated and closely associated with
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a biological phenomenon that they instead serve as a literal, technical,
and highly specified term for scientists (57). These highly-specified
metaphors may therefore carry entirely different connotations for
scientists and laypeople, risking misunderstanding and disconnection
if unrecognized.

The language used to communicate neuroscientific models
may additionally contribute to stigmatization through the
recruitment of unexamined associated biases, with clinical
ethnographic and qualitative evidence identifying the complex
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manner in which neurobiological models are experienced and
employed by different groups and in different settings to both
positive and negative effects (58, 59). For some patients,
conceptualizing the mind as a personal computer may elicit
feelings of alienation and dehumanization. For others,
neuroscientific explanations of psychiatric illness may suggest
inalterable biological determinism or “neuroessentialism,”
contributing to greater prognostic pessimism (30, 60). In one
study of mood disorders, neurobiological explanations through
neuroimaging offered several patients a sense of validation and
hope for earlier or better treatment, with some perceiving these
explanations as reducing blame and others’ fears, and yet this
framing of their disorders as more authoritatively “objective”
also risked making culturally associated moral judgments about
mental illness even more difficult to challenge (58). Therefore,
objective, neuroscientific language, even when accepted by the
patient, may limit how the patient discloses their personal
experience. More speculatively, it could work to undermine
psychological change.

Moreover, brain-circuit descriptions leverage cultural trends
that emphasize the power and sophistication of computer
engineering, “hacking,” and artificial intelligence. Such
language may reinforce the power differential between the
psychiatrist (the powerful technician) and the patient.
Scientific language suggesting explanatory certainty further
emphasizes the authority of the provider and the promise of
their treatment. The physician’s provision of this technical
language has a powerful and propagatory effect: the physician
provides their precise expert system to the patient, who then
incorporates a subset of the ideas provided into their personal
explanatory system, and as resultant explanatory systems become
more widely known they are adopted by the lay population as
common sense (61). In this manner, technical medical language
can reinforce stereotypes and power dynamics during clinical
visits (62) and has been used historically as a cover to advance
racist, sexist, and homophobic ideologies (63).

It is apparent that provider-patient communication through
neurobiological models and language is counterintuitively often
associated with heightened stigma and a reduction in provider
empathy. We have outlined several possible reasons for these
findings, including a perception of neuro-determinism, use of
language that accentuates the power differential between provider
and patient, and the use of impoverished, but objective, biological
metaphors. To place this hypothesis in more severe terms:
neurobiological metaphors evoke a model of mental illness and
mental life that risks foreclosing the relevance of individual
subjectivity and creative change, to the potential detriment of
clinical recovery. To conceptually analyze this hypothesis, we
must examine how metaphors are created in the domains of
clinical science and clinical practice. In particular, we will
examine two contrasting (although not mutually exclusive)
intentions or goals of metaphor creation and communication: (1)
a clarifying, “objective” goal, and (2) an evocative, “subjective” goal.
To examine the process of metaphor creation we utilize the
framework of Peircean semiotics, which is particularly well-suited
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to examining the unique, subjective dimension to metaphor
creation. By identifying the process of metaphor creation (and
interpretation), clinicians stand a better chance of aligning their
communication with the relevant audience.

Metaphor and evocative intent

In communicating metaphors of mental illness, we share our
models of the mind. When a patient names depression as “my
demons,” this metaphor for their illness reflects a system of
understanding, in other words, a model of illness. Moreover, we
consider that the metaphors used by patients and those used by
clinicians may arise in the context of differing goals or intentions.
By exploring the semiotic process whereby metaphors are created
and used, we can come to a better understanding of our clinical and
neurobiological models of mental illness. We argue that metaphor
creation can mirror scientific reasoning and/or poetic logic, as well
as clinical reasoning insofar as it draws from both. By poetic logic,
we mean the creative, literary, or rhetorical approach, dating back to
at least Aristotle (64), which is distinct from scientific reasoning (as
we will discuss below). Metaphors, while often novel and creative,
also reflect associative learning, contextual significance, and
hypothesis generation, all of which are core aspects of clinical
practice. Rather than finding a single “right” metaphor, be it
neurobiological or otherwise, we will consider how the ongoing
process of metaphor creation and co-elaboration may be of novel
value to clinicians.

Non-literal, metaphorical language is frequently used to
describe mental illness by patients, psychiatrists, and even the
Diagnostic and Statistical Manual of Mental Disorders (65).
Patients frequently invoke metaphors when discussing psychiatric
symptoms, particularly in conversations outside the clinician’s
office such as in casual and online communication. These
metaphorical expressions often reflect patients’ cultures, and
though some common metaphors cross many distinct cultures,
others may be highly specific or subtle (66, 67). Coll-Florit and
associates reviewed blogs about mental illness and used qualitative
analysis to categorize the posted metaphors (68). Broadly, they
found that metaphors represent psychiatric disorders as living,
dynamic, or static. In terms of frequency of use, “living organism”
accounted for 30% of metaphors, which was further divided into
three subcategories: a monster/an evil being/a ghost, a person with
whom you live, or something to which you attribute characteristic
human actions. Beyond “living organism,” the next most common
metaphors included “descent” (~17%); “thing” (~11%), “weight”
(~10%), and “unbalance” (9%), followed by less frequently used
metaphorical domains. The common use of living-themed
metaphors highlights the potential for incongruence between
patients’ lived experiences and the chemical imbalance or circuit-
based descriptions, as these latter metaphors largely draw upon
reductionist and inorganic associations. Interestingly, in contrast to
the patients’ frequent use of living-themed metaphors, and despite
the fact that biology is a “life” science, many biologists tend to
employ non-living and reductionist explanations for phenomena.
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This is, in some sense, an unfair contrast; it is likely that the
intention of metaphor use by patients and clinician-scientists is
fundamentally different.

Within the realm of science, metaphor and its cousin,
analogy, are often employed not to amplify literary themes but
rather to achieve greater clarity. There is a long history of
scientists making explicit use of analogical reasoning to
improve clarity of thought and to build new hypotheses (69).
Analogical reasoning can be contrasted with older approaches
within science, epitomized by alchemy, where evocative
amplification was the goal. As described by Gentner and
Jeziorski, alchemical use of “unruly metaphors” from “surface
similarity” and “richly interconnected but unclarified forms of
similarity” are quite at home in the domain of art and creative
literature (69). They suggest that the alchemists had different
goals from today’s “logical” scientists, that is, concerned with
personal and spiritual matters that are typically separate from
the scientific enterprise. This example provides an illustrative
framework for the ways that metaphors are created, intended
and interpreted. When Rosenman states that with respect to
psychiatry “metaphor may not only amplify, it may also constrict
the ways that we frame a particular concept” (56), we suspect he
is pointing toward these two poles of how metaphors (language,
and signs more broadly) come to be understood through
semiosis. Constricted framings might in fact be quite helpful if
one is trying to come to a communal understanding, satisfying a
goal of more “objective” clarity at the potential expense of
“subjective” creativity.

The landmark work Metaphors We Live By (70) and subsequent
elaborations into Conceptual Metaphor Theory (CMT) firmly
established a cognitivist framework describing conceptual
metaphor as “a systematic set of correspondences between two
domains of experience” (16). Further speaking to this ability of
metaphors to draw from varied domains, it has been argued that
there is no single “module” for metaphor or abstract thought within
the brain, and that metaphors instead recruit and link diverse areas
of the brain in complex “cascades” (71). To the extent that human
experience can be understood through shared embodiment, CMT
helps identify primary and universal metaphors. In this way, CMT
supports the thesis that in some sense, all cognition is metaphorical
reasoning. Further, it illustrates how the deployment of
metaphorical language in the scientific process benefits from an
underlying conceptual architecture. Nonetheless, the broad use of
the term metaphor also points toward the domain of the creative
arts, which for some is not well captured by CMT (72, 73) nor
necessarily dependent on conceptual relationships, more broadly
understood. Although creativity is not incompatible with CMT,
metaphorical creativity was not necessarily the focus of the earlier
forms of the theory (16).

When the field of psychiatry is criticized for using “chronically
anemic” language and clinicians are suggested to explicitly offer
their patients “a dose of metaphor” (65), we suspect that these
“creative” or poetic domains are being evoked. Peircean semiotics
offers a useful framework for capturing the distinction between
personal/subjective and communal/objective poles (74). For Peirce,
the process of semiosis was interpretive and subjective. Peirce
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posited that sign relations reflected the triadic dynamics of an
object, its sign, and the interpretant (the sense produced in the mind
of a subject). Sign relations are further categorized as iconic,
indexical or symbolic. Briefly, icons are based on similarity and
resemblance, indices are based on correlation or connection to
something else, and symbols are based on social convention. In
some sense, anything can be an icon or an index depending on the
intention, but symbolic function and language is dependent upon
human brains and sociality (75, 76).

Relevant to our discussion is the semiotic basis for metaphor,
discussed at length by many semioticians (72, 77, 78). Metaphor
depends on varied and rich subjective interpretations and iconicity
in particular (72, 79). This fosters “unlimited semiosis” (80), a
“creative process without restriction” (72), based on underlying
similarity that can be novel or idiosyncratic to the individual.
Metaphors emergent from this process feel “fresh” and “alive,”
mirroring the unbounded creativity and iterative dynamics inherent
in biology and the evolutionary process (81, 82). A process of
semiotic evolution (79) proposes how metaphors become overused
and, in effect, are no longer metaphors; that is, they become
conventional symbols. In this way, brain circuits and chemical
imbalances have lost their original metaphoric novelty and now
serve as symbols for mental processes. Such repeated and highly-
specified metaphors have been referred to as “dead metaphors” (57,
83, 84) or “historical metaphors” (85) that no longer elicit
evocative creativity.

Moreover, metaphoric logic, that is iconic logic, is not limited to
language proper. Susanne Langer described how art and music are
conveyed iconically, using the term “presentational” to relate the
image and its iconic essence (86). As she further explained, “a
metaphor is not language, it is an idea expressed by language, an
idea that in its turn functions as a symbol to express something. It is
not discursive and therefore does not really make a statement of the
idea it conveys; but it formulates a new conception for our direct
imaginative grasp” (87).> Thus, metaphoric processes can be
independent of language and might be pre-conceptual, reflecting
dynamical iconic relations that are particularly consistent with both
musical elaboration and the modular organization of the cerebral
cortex (88). The key is what the metaphor expresses, which
according to Langer and for the arts, is emotive forms. In this
sense, iconic reasoning is a form of emotive reasoning in the
broadest sense of felt reasoning (well-exemplified by the
colloquial phrase “I feel you” to express shared understanding).
Thus, metaphors based on this iconic-emotive reasoning are
personal, but can be inter-subjective. Longstanding therapeutic
relationships begin to develop their own language, as in language
style matching (89) that could be based on fundamental languaging
dynamics (90). Personal metaphors “cohere” to experiences in life
in a wav that facilitates exveriential learning and self-

2 Of note, and perhaps confusingly, Langer uses the term “symbol” in the

same manner as semioticians use “sign.”

3 We acknowledge our colleague Fredrick Steele for this particular language.
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coherences in life gives new meaning to old experiences.” The
therapist and the patient co-author the formation of personalized
metaphors of the patient’s life to make sense of the unknown or
intolerable. This shared generative process exemplifies the value of
novel co-elaborated, personalized, living metaphors.

Personalized metaphor and
clinical reasoning

Given these varied meanings, uses, and understandings of
metaphor, it is no surprise that patients, caregivers, and medical
professionals use a wide range of metaphors (91). For example, the
metaphors of “journey” and “war” are frequently employed in the
context of oncologic illness but vary in their significance between
patients. For instance, one patient may feel comforted by a
metaphor of being on a “cancer journey” with a sense of hope
and progress, though another may find the idea of a journey as
anxiety-provoking and demoralizing. Similarly, violence metaphors
can be seen as assigning blame and failure for some patients, while
others may find that they provide a sense of purpose and self-
determination. This variety of metaphors is also found in other

» <«

conditions, with such themes as “journey,” “transmittable,” being
an “object,” or being “person-like” used for hypertension and
diabetes (92). Others have suggested potential pitfalls when using
value-laden metaphors, such as “broken heart,” for stress
cardiomyopathy, where the etiologic foundation and treatment
approach remain in flux (93). Accordingly, not all studies
demonstrate a preference for metaphoric language (94), again
highlighting that the ways in which metaphors and language are
used clinically may have very different implications for different
patients and must be personalized.’

This importance of personalized metaphors has led some
clinicians to encourage the use of adopting a “menu” of
metaphors that can be readily accessed and offered to patients
(96). Intentionally finding language to co-author an experience in
this way can therefore help develop personalized meaning, rather
than relying on the clinician’s application of the “right” metaphor or
narrative. Furthermore, deficits in non-literal language
comprehension are prominent features of many psychiatric
disorders, including schizophrenia and autism spectrum disorder
(97, 98). Treatments to improve metaphorical discourse, where the
clinician actively works with the patient to develop the language
used to describe their experience, may be a particularly valuable
therapeutic target in such cases. There is considerable research on
different methods of effectively using metaphors in clinical practice,
including its applications to numerous psychotherapeutic
modalities and medication management settings (99-101), as well

4 Highlighting the centrality of personalized language, it has been argued
that the struggle to make sense of and articulate inner emotions plays a
central role in the experience of suffering (95). More speculatively, it has been
suggested that suffering itself may arise because of our capacity to reflect or

represent our experience through language (53).
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as randomized controlled trials across different populations and a
variety of medical conditions (102-104). More broadly, possible
existing clinical approaches have included working from the
patient’s own metaphors (such as changing a patient’s own
“metaphorical kernel statement”) or introducing novel clinician-
generated metaphors which are then co-elaborated (105, 106).

Separate from establishing a new set or “menu” of specific
metaphors, a potential clinical advantage of the evocative process of
novel metaphor generation is its invocation of metaphorical thinking
by promoting abductive reasoning as a means of understanding
mental illness. Abduction is a term from Peircean semiotics,
outlining the process of associative reasoning whereby a hypothesis
is formed from existing facts. As distinct from deductive or inductive
logic, abduction need not rely on conceptual mechanisms and can be
established through iconicity (107). That is, abduction has been used
to explain both logical forms of hypothesis testing and creative or
imaginative reasoning. Metaphor and abductive reasoning facilitate
the learning of unfamiliar meaning from contextual association (81,
108), and a common cognitive mechanism has been theorized to
underlie both abductive logic and metaphors (109). Clinically, the
role of metaphor generation and abductive reasoning may allow
clinicians and patients to see the diagnosis from a new “way of seeing”
(110). Therefore, metaphoric thinking may be of benefit to patient
and clinician in an effort to more fully understand mental illness, and
the unique experience of mental illness in an individual. While there
have been efforts to apply Peirce’s approach more specifically to
psychiatric practice (111), its use remains limited within medicine
more broadly (112-115). Indeed, clinical research has not often
emphasized the creative aspect of abduction (116), even though
this creative aspect may reflect intuitive and imaginative reasoning
which are of clear importance to science and medicine (117, 118).

Of note, the creative and poetic intent of metaphor in conveying
the experience of mental life both predates and continues alongside
modern science in literary descriptions. Congruent with abductive
logic, living metaphors often depict hypotheses, using prior
experience to understand, anticipate, and evoke a novel context or
understanding. When Emily Dickinson describes despair as being “...
Without a Chance, or spar —/Or even a Report of Land -,” she invites,
as a possibility (“even”), the image of being lost at sea without any
ship or coast that might provide a means to survive (119). Through
this broader contextual association, the reader can begin to explore
the implications of this despair: a profound hopelessness, an endless
solitude, with no sign of relief or salvation. Classic, literary
descriptions such as this evoke the meaning of despair in a manner
that invites active interpretation (hypothesizing) by the reader
grounded in their own individual associations. In a more modern
example, philosopher David Abram exemplifies one approach of
embracing living metaphors when describing the mind, likening
thoughts to various animals within a complex ecosystem:

[Clertain ideas were like deer ... graceful, shy, lingering at the
edge of our awareness, yet slipping back into the forest if too willfully
focused upon ... Some of them slither mostly unseen through the
grass ... others bask on warm rocks in the midafternoon, only to
skitter away at our incautious approach. Certain lightweight
thoughts flutter in the air around us, so small and erratic we easily
neglect to notice them, while other more muscled notions lope
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unexpected across our roads, marking their passage with scent or
scat (120).

The mind as an ecosystem is just one example of living
metaphors, evoking concepts of dynamis, diversity, and
interconnectedness, without imposing a specific interpretation or
valence. Such metaphorical language is living in two ways: both in
its evocation of a living ecosystem, and its impressionistic quality
that is not overly-specified (in contrast to a “dead metaphor”) and
therefore shapeable to its interpretant. An emotional landscape
likened to a forest may represent a fearful loneliness for one and a
vibrant solace for another. In this way, metaphorical language and
abductive reasoning afford a powerful approach toward capturing a
concept’s uniqueness and contextual dependence. Living metaphors
are inherently creative and collaborative: in being non-literal, they
demand that listeners recruit their individual associations to
interpret the concept being communicated, thereby enabling the
co-authoring of shared meaning. As such, poetic metaphors may
offer a valuable mechanism where providers’ expert systems and
patients’ explanatory systems meet to creatively conceptualize
personalized models not directly derived from existing frameworks.

Caution is required in this undertaking: as valuable as metaphor
may be for communication and generative conceptualization, there
are times when even the best-intentioned language inevitably falls
short. A new metaphor may not always be better than the last at
cultivating flexibility, abductive reasoning, tolerance, clarity, and
positive change. Unexamined, a poorly chosen novel metaphor may
counterproductively convey misleading certainty or coherence, or
recruit harmful biases. Ultimately, the use of any language to
describe aspects of mental illness might be off-putting for some
(56). In fact, the shift to verbal reasoning may undermine insight
(124). This idea relates to the importance of non-verbal languaging
(125) and staying silent when there are no words to capture the
experience of illness (126). Hence the application of metaphor and
narrative is not about finding the “right words,” since metaphor is,
by definition, not literal. Rather, the abductive process of searching
for new words - and, as needed, silences - may be part of the
therapeutic process. In this manner, the application of metaphor
begins to align more closely with Langer’s feeling and iconicity, that
may be pre-conceptual, related to the cadence of speech as much as
the content. It also acknowledges the inherent ambiguity and
uncertainty in metaphor. This uncertainty was present in Peirce’s
related doctrine of fallibilism in the semiotic process, the willingness
to be mistaken and subject the process to ongoing inquiry and
evolution (127). Acknowledging the role of this uncertainty in
practice, it may be valuable for clinicians to purposefully cultivate
metaphors that preserve elements of ambiguity (fitted to patient and
context). Similar to open hypotheses, such metaphors are malleable,
open to correction and re-imagination, and can thereby mature into
personalized metaphors that embody the same potential for change
and growth we wish to encourage in our patients.

5 Regarding the content of this extended metaphor, there is increasing
evidence for the therapeutic effect of exposure to nature, whether real or
virtual (119-121), although additional research is needed into whether the use

of language evocative of natural imagery itself may invite similar benefits.
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Conclusions: neurobiology, metaphor,
and uncertainty

Mental health clinicians are challenged to explain the etiology of
illnesses that lack consensus scientific understanding. In the above
analysis, we have reviewed evidence that the dominant explanatory
model of mental illness, the neurobiological model, can have adverse
effects when communicated to patients and to the public at large.
These effects include inadvertently worsening stigma, reducing
provider empathy, and undermining public trust. In part, these
effects may be due to the metaphorical implications of commonly-
employed neurobiological language. Subsequently, we reviewed the
role of metaphor in scientific and clinical practice. Our analysis has
outlined how metaphors play multiple simultaneous roles in the
conceptualization and communication of psychiatric illness,
including the dual goals of (1) achieving clearer, more restrictedly-
defined shared understandings, and (2) evoking creative and at times
novel meanings. We have also identified how the process of
languaging metaphor overlaps with abductive clinical and scientific
reasoning, since they rely on prior experience, employ associative
logic, and reflect an estimation of reality. In this concluding section,
we extend our position to highlight the importance of uncertainty as a
key feature of metaphors that are flexible, evocative, and
personalizable, and how the process of metaphor creation is a
powerful tool for both engendering and communicating the
broader etiologic uncertainties within psychiatry.

Our analysis has attempted to draw attention to both the
process of metaphor construction and the evocative content that
a metaphor generates. Models such as chemical or circuit imbalance
might be used when an appearance of greater explanatory certainty
is desired; these descriptions evoke a broad model of brain function
that is precise like a computer, or suggest chemical reactions that fit
“lock and key.” Thus, they seem to evoke the rigor of science.
However, in addition to the shortcomings of computational
descriptors that we discussed above, these descriptors emphasize
the material parts and their static nature. Newer emerging models of
brain function emphasize dynamic systems that suggest more
resonance with other living systems, or even ecosystems. Hence
the brain has been likened to a complex orchestra (128), one that
balances a well-worn score with improvisation, instilling novelty
within a developmental and evolutionary trajectory. Moreover, that
the brain itself may be operating semiotically, that is via interpretive
dynamics within networks, illustrates a potentially foundational
connection between metaphor, neurobiology and the creative arts
(88). In other words, current theories of Peircean semiotics that
highlight the subjective-interpretive, the poetic-iconic, and the
doctrine of fallibilism are not merely frameworks for the
humanities, but inform neurobiological processes as well (129,
130). Given this, clinicians can play an active role in languaging
new metaphors based on their and their patients’ experiences
to assist translational cognitive neuroscience in formulating
new models of brain function and illness. More work is needed to
bridge neurobiological mechanisms and biosemiotic theories,
but the clinical sciences could be fertile ground for this dialogue.
A twofold metaphorical perspective may help relieve
neurobiological models of the pressure of having to provide a
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single, and final, “ground truth” and, in so doing, support greater
uncertainty tolerance.

Clinically, uncertainty and ambiguity might be considered
central tenets of psychiatry (131). Metaphors that maintain
elements of ambiguity (which are not overly-restricted or calcified
in their meaning) are not bound to the literal, and so can maintain
flexibility over time. Building upon the premise of cognitive
flexibility as an important component of healing that may be
promoted through metaphoric transformations (132), flexible
metaphorical language and its recruitment of abductive reasoning
poses potential advantages in both communication and complex
clinical decision-making. More speculatively, metaphorical
language that allows for ambiguity may support the development
of greater uncertainty tolerance in clinical encounters. Given
increased attention on how to better understand and develop
uncertainty tolerance in clinicians (133, 134), metaphor
generation and co-elaboration as a metacognitive process may be
one promising avenue for uncertainty tolerance development in
trainees and practicing clinicians alike.

We have aimed to demonstrate why the active process of
metaphor creation and co-elaboration satisfies aspirations for a
more effective language in communicating psychiatric pathology.
Metaphors carry the two separate goals of establishing shared, more
“objective” clarity, and evoking flexible, more “subjective”
creativity. However, even initially rich metaphors can, as they are
further reinforced and defined, become restricted and stagnant over
time. Though these calcified metaphors may meet the first goal of a
clearer shared understanding, in their fixedness they lose the
potential to meet the second goal of evocative creativity and
potential for change. Metaphor generation is distinctly important
because, in the abductive, generative process, the seeking of novel
metaphors (hypotheses) preserves the second goal. They maintain
an element of the undefined, the uncertain, and yet the possible.
This does not relieve us of the responsibility to find and use
metaphors (or treatments, for that matter) tailored to purpose,
and any specific metaphor may be helpful or harmful depending on
how it is applied. Sometimes the certainty of a more tightly-defined
metaphor may be needed to reassure a patient, and at other times a
more ambiguous metaphor requiring uncertainty tolerance may
push a different patient to find new, more helpful meanings. But
more broadly as a meta-process, as metaphors are allowed to
change, so can our personal and societal understanding and
beliefs. This ability to continually shift conceptualizations through
metaphor generation and metaphorical thinking is important to
expand the capacity for patient recovery and reduction of stigma.

This conceptual analysis has several limitations. Peircean
semiotic terms are not commonly employed within clinical
research, are interpreted inconsistently, and frequently do not
have a shared meaning between disciplines. Compounding these
challenges is the limited evidence base for what type of language, in
practice, appears to be most clinically valuable with patients. To our
knowledge, although the feasible implementation of metaphorical
language has been explored in some modalities, such as in
Acceptance and Commitment Therapy (135), more research is
needed into the systematic use of metaphorical language across
multiple practice settings, including within psychopharmacology-
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focused visits. Given the variability in how “metaphors” are defined
and their measures operationalized between studies, there is
significant opportunity for identifying clearly what is meant by
“metaphor” within a given study to enable more appropriate
comparison and synthesis between studies. With regard to clinical
decision-making, future studies might examine whether
metaphorical speech correlates with the use of abductive thought
and related cognitive processes, or is associated with differences in
uncertainty tolerance. It may also be fruitful to investigate the
feasibility and outcomes pertaining to the directed use of
metaphorical language in clinical practice and in medical
education. Though it is outside the scope of this analysis, further
conceptual work might consider a synthesis of these topics in the
context of work in narrative medicine, given the centrality of illness
models (and the specific language recruited to describe them) in
patient and provider narratives.

As a result of their training and clinical practice, many
psychiatrists are often highly skilled in metaphorical
communication and reasoning (136). Psychiatrists are also already
particularly attuned to the importance of holding uncertainty,
engendering not only tolerance but curiosity for their patients
through this holding. Therefore, the co-creation of dynamic
metaphors with patients in a more intentional, self-reflective,
focused, and creative manner is a feasible approach to further
study. The formal practice of tracking what metaphors are being
used by patients, and consideration of which are of greatest
therapeutic value, may be of high potential impact even in time-
limited medication management settings. By remaining ever-present
to the subjective experiences of their patients, their narratives, and
metaphors, mental health providers will always be challenged to
balance this perspective with mechanistic models. As the psychiatrist,
philosopher, and author Tain McGilchrist warns:

You can so alienate yourself from a poem that you stop seeing the
poem at all, and instead come to see in its place just theories, messages
and formal tropes; stop hearing the music and hear only tonalities and
harmonic shifts; stop seeing the person and see only mechanisms (118).

Meaningful explanation is found by holding multiple truths in a
manner that includes both clarifying and poetic aspects of language
use.® We have argued that mechanistic terminology recruited by
contemporary advances in neurobiology cannot be simply
transposed as convenient descriptors of complex mental processes
or individual subjective experience. As so eloquently suggested by
philosopher and poet Jan Zwicky in the opening epigraph, our non-
metaphorical language - that is, the language of neurobiology - is
arguably the necessary foil to facilitate metaphorical reasoning that
embodies the human art of medicine. Perhaps this approach can
influence how we speak to our patients and relieve psychiatry of the
need to explain both the mechanism and experience of illness with
absolute certainty. As such, by languaging metaphor with
intentionality, we can relax our gaze from a static terminology of

6 Or as McGilchrist (2021) describes, there is a subtle but relevant
etymological distinction between being precise (cut-short, before its time)
and accurate (done with care). The objective, clarifying truth typically relies on

being precise, whereas the poetic aspects emphasize accuracy to experience.
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psychopathology and, instead, evoke workable depictions of mental
illness that encourage transformation and recovery.

Author contributions

AS: Writing - original draft, Writing — review & editing. MJ:
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by grants from the Department of Veterans Affairs
(CX002457-01 to MJ) and the UC Academic Senate (Resource
Allocation Program at UCSF to MJ).

Acknowledgments

We gratefully acknowledge the contributions of our colleagues
Frederick Steele, Boris Shoshitaishvili, Mani Hamidi, Kaia Sargent,

References

1. Zwicky J. Wisdom & Metaphor. Edmonton (Canada): Brush Education (2014).

2. Kleinman A, Eisenberg L, Good B. Culture, illness, and care: clinical lessons from
anthropologic and cross-cultural research. Annals of internal medicine (1978) 88
(2):251-8. doi: 10.7326/0003-4819-88-2-251

3. Kendler KS. Toward a philosophical structure for psychiatry. Am J Psychiatry
(2005) 162(3):433-40. doi: 10.1176/appi.ajp.162.3.433

4. Schaftner KF. Reduction: the Cheshire cat problem and a return to roots. Synthese
(2006) 151(3):377-402. doi: 10.1007/s11229-006-9031-2

5. Borsboom D, Cramer AQJ, Kalis A. Brain disorders? Not really: Why network
structures block reductionism in psychopathology research. Behav Brain Sci (2018) 42:
2. doi: 10.1017/50140525X17002266

6. Dumas-Mallet E, Gonon F. Messaging in biological psychiatry:
misrepresentations, their causes, and potential consequences. Harvard Rev Psychiatry
(2020) 28(6):395. doi: 10.1097/HRP.0000000000000276

7. Kotov R, Cicero DC, Conway CC, DeYoung CG, Dombrovski A, Eaton NR, et al.
The Hierarchical Taxonomy of Psychopathology (HiTOP) in psychiatric practice and
research. psychol Med (2022) 52(9):1666-78. doi: 10.1017/S0033291722001301

8. Hamann J, Leucht S, Kissling W. Shared decision making in psychiatry. Acta
Psychiatrica Scandinavica (2003) 107(6):403-9. doi: 10.1034/j.1600-0447.2003.00130.x

9. Patel SR, Bakken S, Ruland C. Recent advances in shared decision making for
mental health. Curr Opin Psychiatry (2008) 21(6):606-12. doi: 10.1097/
YCO.0b013e32830eb6b4

10. Zisman-Ilani Y, Roth RM, Mistler LA. Time to support extensive
implementation of shared decision making in psychiatry. JAMA Psychiatry (2021) 78
(11):1183-4. doi: 10.1001/jamapsychiatry.2021.2247

11. Kirmayer LJ. Beyond the “new cross-cultural psychiatry”: cultural biology,
discursive psychology and the ironies of globalization. Transcultural Psychiatry
(2006) 43(1):126-44. doi: 10.1177/1363461506061761

12. Ahn W-K, Proctor CC, Flanagan EH. Mental health clinicians’ Beliefs about the
biological, psychological, and environmental bases of mental disorders. Cogn Sci (2009)
33(2):147-82. doi: 10.1111/j.1551-6709.2009.01008.x

13. Leighton AH, Hughes JM. Cultures as a causative of mental disorder. Milbank Q
(2005) 83(4):1-22. doi: 10.1111/§.1468-0009.2005.00424.x

14. Lakoff G. Conceptual metaphor. In Geeraerts D (Ed.), Cognitive Linguistics: Basic
Readings. Berlin, New York: De Gruyter Mouton (2006) 34:185. doi: 10.1515/9783110199901

15. Gibbs RW. Evaluating conceptual metaphor theory. Discourse Processes (2011)
48(8):529-62. doi: 10.1080/0163853X.2011.606103

Frontiers in Psychiatry

10.3389/fpsyt.2024.1320771

Parham Pourdavood and Julio Ozores, who provided helpful
critiques on an earlier version of this manuscript. We also
acknowledge two reviewers whose recommendations greatly
improved the structure of the manuscript and broadened its
scholarly foundations.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

16. Kovecses Z. Extended conceptual metaphor theory. In: Extended Conceptual
Metaphor Theory. New York: Cambridge University Press (2020). p. i-ii.

17. Kirmayer LJ. Culture and the metaphoric mediation of pain. Transcultural
Psychiatry (2008) 45(2):318-38. doi: 10.1177/1363461508089769

18. Gibbs RW Jr. How metaphors shape the particularities of illness and healing
experiences. Transcultural Psychiatry (2023) 60(5):770-80. doi: 10.1177/
1363461520965424

19. Maturana HR, Varela FJ. The tree of knowledge: The biological roots of human
understanding. Boston: New Science Library/Shambhala Publications (1987).

20. Willox AC, Harper SL, Bridger D, Morton S, Orbach A, Sarapura S. Co-creating
metaphor in the classroom for deeper learning: graduate student reflections. Int ] Teach
Learn Higher Educ (2010) 22(1):71-9.

21. Bhugra D, Tasman A, Pathare S, Priebe S, Smith S, Torous J, et al. The WPA-
lancet psychiatry commission on the future of psychiatry. Lancet Psychiatry (2017) 4
(10):775-818. doi: 10.1016/S2215-0366(17)30333-4

22. Travis MJ. Neuroscience and the future of psychiatry. Focus (2019) 17(1):30-1.
doi: 10.1176/appi.focus.20180032

23. Mechanic D, McAlpine D, Rosenfield S, Davis D. Effects of illness attribution
and depression on the quality of life among persons with serious mental illness. Soc Sci
Med (1994) 39(2):155-64. doi: 10.1016/0277-9536(94)90324-7

24. Walter H. The third wave of biological psychiatry. Front Psychol (2013) 4:582.
doi: 10.3389/fpsyg.2013.00582

25. Kirmayer LJ, Crafa D. What kind of science for psychiatry? Front Hum Neurosci
(2014) 8:435. doi: 10.3389/fnhum.2014.00435

26. Corrigan PW, Watson AC. At issue: Stop the stigma: call mental illness a brain
disease. Schizophr Bull (2004) 30(3):477-9. doi: 10.1093/oxfordjournals.schbul.a007095

27. Risch N, Angermeyer MC, Corrigan PW. Mental illness stigma: concepts,
consequences, and initiatives to reduce stigma. Eur Psychiatry: ] Assoc Eur
Psychiatrists (2005) 20(8):529-39. doi: 10.1016/j.eurpsy.2005.04.004

28. Speerforck S, Schomerus G, Pruess S, Angermeyer MC. Different biogenetic
causal explanations and attitudes towards persons with major depression,
schizophrenia and alcohol dependence: Is the concept of a chemical imbalance
beneficial? J Affect Disord (2014) 168:224-8. doi: 10.1016/j.jad.2014.06.013

29. Loughman A, Haslam N. Neuroscientific explanations and the stigma of mental
disorder: a meta-analytic study. Cogn Research: Principles Implications (2018) 3(1):43.
doi: 10.1186/s41235-018-0136-1

frontiersin.org


https://doi.org/10.7326/0003-4819-88-2-251
https://doi.org/10.1176/appi.ajp.162.3.433
https://doi.org/10.1007/s11229-006-9031-2
https://doi.org/10.1017/S0140525X17002266
https://doi.org/10.1097/HRP.0000000000000276
https://doi.org/10.1017/S0033291722001301
https://doi.org/10.1034/j.1600-0447.2003.00130.x
https://doi.org/10.1097/YCO.0b013e32830eb6b4
https://doi.org/10.1097/YCO.0b013e32830eb6b4
https://doi.org/10.1001/jamapsychiatry.2021.2247
https://doi.org/10.1177/1363461506061761
https://doi.org/10.1111/j.1551-6709.2009.01008.x
https://doi.org/10.1111/j.1468-0009.2005.00424.x
https://doi.org/10.1515/9783110199901
https://doi.org/10.1080/0163853X.2011.606103
https://doi.org/10.1177/1363461508089769
https://doi.org/10.1177/1363461520965424
https://doi.org/10.1177/1363461520965424
https://doi.org/10.1016/S2215-0366(17)30333-4
https://doi.org/10.1176/appi.focus.20180032
https://doi.org/10.1016/0277-9536(94)90324-7
https://doi.org/10.3389/fpsyg.2013.00582
https://doi.org/10.3389/fnhum.2014.00435
https://doi.org/10.1093/oxfordjournals.schbul.a007095
https://doi.org/10.1016/j.eurpsy.2005.04.004
https://doi.org/10.1016/j.jad.2014.06.013
https://doi.org/10.1186/s41235-018-0136-1
https://doi.org/10.3389/fpsyt.2024.1320771
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Syed and Jacob

30. Schultz W. Neuroessentialism: theoretical and clinical considerations.
Humanistic Psychol (2018) 58(6):607-39. doi: 10.1177/0022167815617296

31. Lebowitz MS, Ahn W-K. Effects of biological explanations for mental disorders
on clinicians” empathy. Proc Natl Acad Sci USA (2014) 111(50):17786-90. doi: 10.1073/
pnas.1414058111

32. Haslam N, Kvaale EP. Biogenetic explanations of mental disorder: the mixed-
blessings model. Curr Dir psychol Sci (2015) 24(5):399-404. doi: 10.1177/
0963721415588082

33. Kirmayer LJ. The cultural diversity of healing: meaning, metaphor and
mechanism. Bri Med Bull (2004) 69:33-48. doi: 10.1093/bmb/ldh006

34. Toone BK, Murray R, Clare A, Creed F, Smith A. Psychiatrists’ models of mental
illness and their personal backgrounds. Psychol Med (1979) 9(1):165-78. doi: 10.1017/
$003329170002167X

35. Harland R, Antonova E, Owen GS, Broome M, Landau S, Deeley Q, et al. A study
of psychiatrists’ concepts of mental illness. Psychol Med (2009) 39(6):967-76. doi:
10.1017/S0033291708004881

36. Miresco MJ, Kirmayer L]. The persistence of mind-brain dualism in psychiatric
reasoning about clinical scenarios. Am J Psychiatry (2006) 163(5):913-8. doi: 10.1176/
2jp.2006.163.5.913

37. Kendler KS. The origin of our modern concept of depression-the history of
melancholia from 1780-1880: A review. JAMA Psychiatry (2020) 77(8):863-8. doi:
10.1001/jamapsychiatry.2019.4709

38. Ang B, Horowitz M, Moncrieff J. Is the chemical imbalance an “urban
legend”? An exploration of the status of the serotonin theory of depression in the
scientific literature. SSM - Ment Health (2022) 2:100098. doi: 10.1016/
j.ssmmh.2022.100098

39. Deacon BJ, Baird GL. The chemical imbalance explanation of depression:
reducing blame at what cost? ] Soc Clin Psychol (2009) 28(4):415-35. doi: 10.1521/
j5cp.2009.28.4.415

40. Cohen D, Hughes S. How do people taking psychiatric drugs explain their
“Chemical imbalance?” Ethical Hum Psychol Psychiatry (2012) 13(3):176-89. doi:
10.1891/1559-4343.13.3.176

41. Read J, Cartwright C, Gibson K, Shiels C, Magliano L. Beliefs of people taking
antidepressants about the causes of their own depression. J Affect Disord (2015)
174:150-6. doi: 10.1016/j.jad.2014.11.009

42. Moncrieft ], Cooper RE, Stockmann T, Amendola S, Hengartner MP, Horowitz
MA. The serotonin theory of depression: a systematic umbrella review of the evidence.
Mol Psychiatry (2022) 28:3243-3256. doi: 10.1038/s41380-022-01661-0

43. Morrison AS, Uusberg A, Ryan J, Goldenberg A, Etkin A, Gross J]. Assessing and
improving public mental health literacy concerning rTMS. BMC Psychiatry (2022) 22
(1):249. doi: 10.1186/s12888-022-03880-9

44. Ross CA, Margolis RL. Research domain criteria: cutting edge neuroscience or
Galen’s humors revisited? Mol Neuropsychiatry (2018) 4(3):158-63. doi: 10.1159/
000493685

45. Devlin H. Study claims to find first direct evidence of a link between low serotonin
and depression. London: The Guardian (2022). Available at: https://www.theguardian.
com/society/2022/nov/05/study-finds-first-evidence-of-link-between-low-serotonin-
levels-and-depression.

46. Erritzoe D, Godlewska BR, Rizzo G, Searle GE, Agnorelli C, Lewis Y, et al. Brain
serotonin release is reduced in patients with depression: A [''C]Cimbi-36 positron
emission tomography study with a d-amphetamine challenge. Biol Psychiatry (2023) 93
(12):1089-1098. doi: 10.1016/j.biopsych.2022.10.012

47. O’Donohue W, Kitchener R. F. (Eds.). Troubles with computationalism. In:
The philosophy of psychology. London: SAGE Publications Ltd. (1996). p. 173-83.

48. Brette R. Is coding a relevant metaphor for the brain? Behav Brain Sci (2019)
42:1-44. doi: 10.1017/50140525X19000049

49. Francken JC, Slors M. Neuroscience and everyday life: Facing the translation
problem. Brain Cognition (2018) 120:67-74. doi: 10.1016/j.bandc.2017.09.004

50. Baria AT, Cross K. The brain is a computer is a brain: neuroscience’s internal
debate and the social significance of the Computational Metaphor. In: arXiv. arXiv
(2021). Available at: http://arxiv.org/abs/2107.14042.

51. Searle JR. Is the brain a digital computer? Proc Addresses Am Philos Assoc (1990)
64(3):21-37. doi: 10.2307/3130074

52. Lanier J. You Are Not a Gadget. New York: Knopf Doubleday Publishing Group
(2010).

53. Deacon TW. Incomplete nature: How mind emerged from matter. New York:
WW Norton & Company (2011).

54. Penrose R. The Emperor’s New Mind: Concerning Computers, Minds, and the
Laws of Physics. Oxford: Oxford University Press (2016).

55. Richards BA, Lillicrap TP. The brain-computer metaphor debate is useless: A
matter of semantics. Front Comput Sci (2022) 4:810358. doi: 10.3389/
fcomp.2022.810358

56. Rosenman S. Metaphor, meaning and psychiatry. Australas Psychiatry: Bull R
Aust New Z Coll Psychiatrists (2008) 16(6):391-6. doi: 10.1080/10398560801995285

57. Reynolds AS. Metaphors and science. In: Understanding Metaphors in the Life
Sciences. Cambridge (UK): Cambridge University Press (2022). p. 1-13.

Frontiers in Psychiatry

11

10.3389/fpsyt.2024.1320771

58. Buchman DZ, Borgelt EL, Whiteley L, Illes J. Neurobiological narratives:
experiences of mood disorder through the lens of neuroimaging. Sociology Health
Illness (2013) 35(1):66-81. doi: 10.1111/j.1467-9566.2012.01478 x

59. Choudhury S, McKinney KA, Kirmayer L]. “Learning how to deal with feelings
differently”: Psychotropic medications as vehicles of socialization in adolescence. Soc
Sci Med (2015) 143:311-9. doi: 10.1016/j.socscimed.2015.02.034

60. Porter D. Neuroessentialism and the rhetoric of neuroscience. Philosophy
Psychiatry Psychology: PPP (2020) 27(3):239-41. doi: 10.1353/ppp.2020.0029

61. Linde C. Explanatory systems in oral life stories. In: Holland D, Quinn N,
editors. Cultural Models in Language and Thought. New York: Cambridge University
Press (1987). p. 343-66.

62. Martin E. The egg and the sperm: how science has constructed A romance based
on stereotypical male-female role. Signs (1991) 16(3):485-501. doi: 10.1086/494680

63. Smedley A, Smedley BD. Race as biology is fiction, racism as a social problem is
real: Anthropological and historical perspectives on the social construction of race. Am
Psychol (2005) 60(1):16-26. doi: 10.1037/0003-066X.60.1.16

64. Lawson-Tancred, H. Aristotle, The Art of Rhetoric. London, New York: Penguin
Classics (1991).

65. Bleakley A. Thinking with Metaphors in Medicine: The State of the Art. London:
Routledge (2017).

66. Kovecses Z. Metaphor in Culture: Universality and Variation. Cambridge (UK):
Cambridge University Press (2005).

67. Kirmayer LJ. Cultural poetics of illness and healing. Transcultural Psychiatry
(2023) 60(5):753-69. doi: 10.1177/13634615231205544

68. Coll-Florit M, Climent S, Sanfilippo M, Hernandez-Encuentra E. Metaphors of
depression. Studying first person accounts of life with depression published in blogs.
Metaphor Symbol (2021) 36(1):1-19. doi: 10.1080/10926488.2020.1845096

69. Gentner D, Jeziorski M. The shift from metaphor to analogy in Western science.
In: Metaphor and Thought. New York: Cambridge University Press (1993). p. 447-80.

70. Lakoff G, Johnson M. Metaphors We Live By. Chicago: University of Chicago
Press (1980).

71. Lakoff G. Mapping the brain’s metaphor circuitry: metaphorical thought in
everyday reason. Front Hum Neurosci (2014) 8:958. doi: 10.3389/fnhum.2014.00958

72. Ding E. Parallels, Interactions, and Illuminations: Traversing Chinese and
Western Theories of the Sign. Toronto: University of Toronto Press (2010).

73. Jiang Y. A Peircean epistemology of metaphor. Semiotica (2018) 2018(222):347-
63. doi: 10.1515/sem-2015-0154

74. Hartshorne C, Weiss P. Collected Papers of Charles Sanders Peirce. Cambridge
(MA, USA): Harvard Univ. Press (1978).

75. Deacon TW. The Symbolic Species: The Co-evolution of Language and the Brain.
New York: W. W. Norton & Company (1998).

76. Steven AR, Hayes C, David S, Deacon TW. Beneath symbols: Convention as a
semiotic phenomenon (2018). Available at: https://anthropology.berkeley.edu/sites/
default/files/beneath_symbols_prepub.pdf.

77. Anderson D. Peirce on metaphor. Trans Charles S. Peirce Soc (1984) 20(4):453-68.

78. Eco U. Semiotics and the Philosophy of Language. Bloomington: Indiana
University Press (1986).

79. Ding E. Ubiquitous but arbitrary iconicity. Semiotica (2014) 2014(200):119-35.
doi: 10.1515/sem-2014-0013

80. Eco U. The Role of the Reader: Explorations in the Semiotics of Texts.
Bloomington: Indiana University Press (1979).

81. Saunders R]. Review: The Act of Creation by Arthur Koestler. Art Education
(1966) 19(1)31. doi: 10.2307/3190763

82. Deacon TW. How Molecules Became Signs. Biosemiotics (2021) 14:537-59.
doi: 10.1007/s12304-021-09453-9

83. Black M. Models and Metaphors: Studies in Language and Philosophy. Ithaca
(NY, USA): Cornell University Press (1962).

84. Travers MD. Programming with Agents: New metaphors or thinking about
computation (1996). Available at: https://dspace.mit.edu/bitstream/handle/1721.1/
29109/35560175-MIT.pdf?sequence=2.

85. Lakoff G. The death of dead metaphor. Metaphor Symbolic Activity (1987) 2
(2):143-7. doi: 10.1207/s15327868ms0202_5

86. Langer SK. Philosophy in a new key; a study in the symbolism of reason, rite and
art. Cambridge (MA, USA): Harvard University Press (1942).

87. Langer SK. Problems of Art. New York: Scribner (1957).

88. Deacon TW. Steps to a semiotic cognitive neuroscience. In: Garcia AM, Ibafiez

A, editors. The Routledge Handbook of Semiosis and the Brain. New York: Taylor &
Francis (2022).

89. Aafjes-van Doorn K, Porcerelli J, Miiller-Frommeyer LC. Language style

matching in psychotherapy: An implicit aspect of alliance. ] Couns Psychol (2020) 67
(4):509-22. doi: 10.1037/cou0000433

90. Thibault PJ. First-order languaging dynamics and second-order language: the
distributed language view. Ecol Psychol (2011) 23(3):210-45. doi: 10.1080/
10407413.2011.591274

frontiersin.org


https://doi.org/10.1177/0022167815617296
https://doi.org/10.1073/pnas.1414058111
https://doi.org/10.1073/pnas.1414058111
https://doi.org/10.1177/0963721415588082
https://doi.org/10.1177/0963721415588082
https://doi.org/10.1093/bmb/ldh006
https://doi.org/10.1017/S003329170002167X
https://doi.org/10.1017/S003329170002167X
https://doi.org/10.1017/S0033291708004881
https://doi.org/10.1176/ajp.2006.163.5.913
https://doi.org/10.1176/ajp.2006.163.5.913
https://doi.org/10.1001/jamapsychiatry.2019.4709
https://doi.org/10.1016/j.ssmmh.2022.100098
https://doi.org/10.1016/j.ssmmh.2022.100098
https://doi.org/10.1521/jscp.2009.28.4.415
https://doi.org/10.1521/jscp.2009.28.4.415
https://doi.org/10.1891/1559-4343.13.3.176
https://doi.org/10.1016/j.jad.2014.11.009
https://doi.org/10.1038/s41380-022-01661-0
https://doi.org/10.1186/s12888-022-03880-9
https://doi.org/10.1159/000493685
https://doi.org/10.1159/000493685
https://www.theguardian.com/society/2022/nov/05/study-finds-first-evidence-of-link-between-low-serotonin-levels-and-depression
https://www.theguardian.com/society/2022/nov/05/study-finds-first-evidence-of-link-between-low-serotonin-levels-and-depression
https://www.theguardian.com/society/2022/nov/05/study-finds-first-evidence-of-link-between-low-serotonin-levels-and-depression
https://doi.org/10.1016/j.biopsych.2022.10.012
https://doi.org/10.1017/S0140525X19000049
https://doi.org/10.1016/j.bandc.2017.09.004
http://arxiv.org/abs/2107.14042
https://doi.org/10.2307/3130074
https://doi.org/10.3389/fcomp.2022.810358
https://doi.org/10.3389/fcomp.2022.810358
https://doi.org/10.1080/10398560801995285
https://doi.org/10.1111/j.1467-9566.2012.01478.x
https://doi.org/10.1016/j.socscimed.2015.02.034
https://doi.org/10.1353/ppp.2020.0029
https://doi.org/10.1086/494680
https://doi.org/10.1037/0003-066X.60.1.16
https://doi.org/10.1177/13634615231205544
https://doi.org/10.1080/10926488.2020.1845096
https://doi.org/10.3389/fnhum.2014.00958
https://doi.org/10.1515/sem-2015-0154
https://anthropology.berkeley.edu/sites/default/files/beneath_symbols_prepub.pdf
https://anthropology.berkeley.edu/sites/default/files/beneath_symbols_prepub.pdf
https://doi.org/10.1515/sem-2014-0013
https://doi.org/10.2307/3190763
https://doi.org/10.1007/s12304-021-09453-9
https://dspace.mit.edu/bitstream/handle/1721.1/29109/35560175-MIT.pdf?sequence=2
https://dspace.mit.edu/bitstream/handle/1721.1/29109/35560175-MIT.pdf?sequence=2
https://doi.org/10.1207/s15327868ms0202_5
https://doi.org/10.1037/cou0000433
https://doi.org/10.1080/10407413.2011.591274
https://doi.org/10.1080/10407413.2011.591274
https://doi.org/10.3389/fpsyt.2024.1320771
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Syed and Jacob

91. Demmen J, Semino E, Demjén Z, Koller V, Hardie A, Rayson P, et al. A
computer-assisted study of the use of Violence metaphors for cancer and end of life by
patients, family carers and health professionals. Int ] Corpus Linguistics (2015) 20
(2):205-31. doi: 10.1075/ijcl.20.2.03dem

92. Sinnenberg L, Mancheno C, Barg FK, Asch DA, Rivard CL, Horst-Martz E, et al.
Content analysis of metaphors about hypertension and diabetes on twitter: exploratory
mixed-methods study. JMIR Diabetes (2018) 3(4):e11177. doi: 10.2196/11177

93. Efferth T, Banerjee M, Paul NW. Broken heart, tako-tsubo or stress
cardiomyopathy? Metaphors, meanings and their medical impact. Int J Cardiol
(2017) 230:262-8. doi: 10.1016/j.ijcard.2016.12.129

94. Kauschke C, Mueller N, Kircher T, Nagels A. Do patients with depression prefer
literal or metaphorical expressions for internal states? Evidence from sentence
completion and elicited production. Front Psychol (2018) 9:1326. doi: 10.3389/
fpsyg.2018.01326

95. Rosfort R. Mental suffering as a struggle with words: language and emotion. J
Psychopathol (2016) 22(1):10-20.

96. Semino E. A “Metaphor Menu” for people living with cancer. “Metaphor, Cancer
and the End of Life” Project (2019). Available at: https://wp.lancs.ac.uk/melc/the-
metaphor-menu/.

97. Bambini V, Arcara G, Bechi M, Buonocore M, Cavallaro R, Bosia M. The
communicative impairment as a core feature of schizophrenia: Frequency of pragmatic
deficit, cognitive substrates, and relation with quality of life. Compr Psychiatry (2016)
71:106-20. doi: 10.1016/j.comppsych.2016.08.012

98. Morsanyi K, Stamenkovi¢ D, Holyoak KJ. Metaphor processing in autism: A
systematic review and meta-analysis. Dev Review: DR (2020) 57:100925. doi: 10.1016/
j.dr.2020.100925

99. Rhodes LA. “This will clear your mind”: the use of metaphors for medication in
psychiatric settings. Culture Med Psychiatry (1984) 8(1):49-70. doi: 10.1007/
BF00053101

100. Tay D. Using metaphor in healthcare. In: Elena Semino ZD, editor. The Routledge
Handbook of Metaphor and Language London: Routledge (2016) 371-385. doi: 10.4324/
9781315672953

101. Torneke N. Metaphor in Practice: A Professional’s Guide to Using the Science of
Language in Psychotherapy. Oakland (CA, USA): New Harbinger Publications (2017).

102. Arroliga AC, Newman S, Longworth DL, Stoller JK. Metaphorical medicine:
using metaphors to enhance communication with patients who have pulmonary
disease. Ann Internal Med (2002) 137(5 Part 1):376-9. doi: 10.7326/0003-4819-137-
5_Part_1-200209030-00037

103. Bahremand M, Moradi G, Saeidi M, Mohammadi S, Komasi S. Reducing
irrational beliefs and pain severity in patients suffering from non-cardiac chest pain
(NCCP): A comparison of relaxation training and metaphor therapy. Korean ] Pain
(2015) 28(2):88-95. doi: 10.3344/kjp.2015.28.2.88

104. Komasi S, Saeidi M, Zakiei A, Amiri MM, Soltani B. Cognitive restructuring
based on metaphor therapy to challenge the irrational beliefs of drug addicts
undergoing buprenorphine treatment. Int J High Risk Behav Addict (2016) 6(1):1-9.
doi: 10.5812/ijhrba.31450

105. Witztum E, van der Hart O, Friedman B. The use of metaphors in
psychotherapy. ] Contemp Psychother (1988) 18(4):270-90. doi: 10.1007/BF00946010

106. McMullen LM, Tay D. Metaphors. In: Clara E, Hill, Norcross JC, editors.
Psychotherapy Skills and Methods That Work. Oxford University Press (2023). p. 138—
64. doi: 10.1093/0s0/9780197611012.003.0006

107. Vitti Rodrigues M. Abduction and semiosis. In: Magnani L, editor. Handbook of
Abductive Cognition. Cham (Switzerland): Springer International Publishing (2022). p. 1-22.

108. McGregor S, Agres K, Rataj K, Purver M, Wiggins G. Re-representing
metaphor: modeling metaphor perception using dynamically contextual
distributional semantics. . Front Psychol (2019) 10:765. doi: 10.3389/fpsyg.2019.00765

109. Xu C, Li H. Abduction and metaphor: An inquiry into common cognitive
mechanism. Front Philosophy China (2011) 6(3):480-91. doi: 10.1007/s11466-011-0151-5

110. Hanne M. Diagnosis and metaphor. Perspect Biol Med (2015) 58(1):35-52. doi:
10.1353/pbm.2015.0010

111. Lincourt JM. Charles S. Peirce and psychiatry. Trans Charles S. Peirce Soc
(1976) 12(1):33-45.

112. Upshur R. Certainty, probability and abduction: why we should look to C.S.
Peirce rather than Godel for a theory of clinical reasoning [Review of Certainty,

Frontiers in Psychiatry

12

10.3389/fpsyt.2024.1320771

probability and abduction: why we should look to C.S. Peirce rather than Godel for a
theory of clinical reasoning]. ] Eval Clin Pract (1997) 3(3):201-6. doi: 10.1046/j.1365-
2753.1997.00004.x

113. Bolton JW. Varieties of clinical reasoning. J Eval Clin Pract (2015) 21(3):486-9.
doi: 10.1111/jep.12309

114. Duvauferrier R, Mejdoubi M, Bertaud V. [Contribution of C.S. Peirce thought
to the representation knowledge and medical reasoning]. Medecine sciences: M/S (2018)
34(10):865-71. doi: 10.1051/medsci/2018213

115. Stanley DE, Nyrup R. Strategies in abduction: generating and selecting
diagnostic hypotheses. ] Med Philosophy (2020) 45(2):159-78. doi: 10.1093/jmp/jhz041

116. Barrena S, Nubiola J. Abduction: the logic of creativity. In Jappy T (Ed.), The
Bloomsbury Companion to Contemporary Peircean Semiotics. London: Bloomsbury
Publishing (2019), 185-203. doi: 10.5040/9781350076143.ch-006

117. Pelaccia T, Tardif J, Triby E, Charlin B. An analysis of clinical reasoning
through a recent and comprehensive approach: the dual-process theory. Med Educ
Online (2011) 16:1-9. doi: 10.3402/meo.v16i0.5890

118. McGilchrist 1. The matter with things: Our brains, our delusions, and the
unmaking of the world. London: Perspectiva Press (2021).

119. Dickinson E. The Poems of Emily Dickinson: Variorum Edition. Cambridge
(MA, USA): Harvard University Press (1998).

120. Abram D. Becoming Animal: An Earthly Cosmology. New York: Vintage Books
(2011).

121. White MP, Yeo NL, Vassiljev P, Lundstedt R, Wallergird M, Albin M, et al. A
prescription for “nature” - the potential of using virtual nature in therapeutics.
Neuropsychiatr Dis Treat (2018) 14:3001-13. doi: 10.2147/NDT.S179038

122. Jimenez MP, DeVille NV, Elliott EG, Schiff JE, Wilt GE, Hart JE, et al.
Associations between nature exposure and health: A review of the evidence. Int J
Environ Res Public Health (2021) 18(9):1-19. doi: 10.3390/ijerph18094790

123. Browning MHEM, Shin S, Drong G, McAnirlin O, Gagnon R], Ranganathan S,
et al. Daily exposure to virtual nature reduces symptoms of anxiety in college students.
Sci Rep (2023) 13(1):1239. doi: 10.1038/s41598-023-28070-9

124. Chin JM, Schooler JW. Why do words hurt? Content, process, and criterion
shift accounts of verbal overshadowing. Eur J Cogn Psychol (2008) 20(3):396-413. doi:
10.1080/09541440701728623

125. Cowley SJ. Languaging: how babies and bonobos lock on to human modes of
life (Invited paper). Int J] Comput Cogn (2005) 3(1):44-55.

126. Hoffman MR. The sound of silence-when there are no words. JAMA: ] Am Med
Assoc (2019) 322(2):117-8. doi: 10.1001/jama.2019.8385

127. Margolis J. Peirce’s fallibilism. Trans Charles S. Peirce Soc (1998) 34(3):535-69.

128. Grinvald A, Arieli A, Tsodyks M, Kenet T. Neuronal assemblies: single cortical
neurons are obedient members of a huge orchestra. Biopolymers (2003) 68(3):422-36.
doi: 10.1002/bip.10273

129. Favareau D. Constructing representema: On the neurosemiotics of self and
vision. Semiotics, Evolution, Energy and Development Journal (2002) 2(4):1-39.

130. Hoffmeyer J. Biosemiotics: An Examination Into the Signs of Life and the Life of
Signs. Scranton (PA, USA): University of Scranton Press (2008).

131. Guloksuz S, van Os J. Dr. Strangelove, or how we learned to stop worrying and
love uncertainty. World Psychiatry: Off ] World Psychiatr Assoc (2020) 19(3):395-6.
doi: 10.1002/wps.20794

132. Hinton DE, Kirmayer L]. The flexibility hypothesis of healing. Culture Med
Psychiatry (2017) 41(1):3-34. doi: 10.1007/s11013-016-9493-8

133. Patel P, Hancock J, Rogers M, Pollard SR. Improving uncertainty tolerance in
medical students: A scoping review. Med Educ (2022) 56(12):1163-73. doi: 10.1111/
medu.14873

134. Yap A, Johanesen P, Walsh C. Moderators uncertainty tolerance (UT) in
healthcare: a systematic review. Adv Health Sci Education: Theory Pract (2023) 28
(5):1409-40. doi: 10.1007/s10459-023-10215-0

135. Hayes SC, Strosahl KD, Wilson KG. Acceptance and Commitment Therapy,
Second Edition: The Process and Practice of Mindful Change. New York: Guilford
Publications (2016).

136. Shalev D. The machine days are over: medicine metaphors and the psychiatric
resident. Acad Psychiatry (2018) 42(2):255-7. doi: 10.1007/s40596-017-0760-y

frontiersin.org


https://doi.org/10.1075/ijcl.20.2.03dem
https://doi.org/10.2196/11177
https://doi.org/10.1016/j.ijcard.2016.12.129
https://doi.org/10.3389/fpsyg.2018.01326
https://doi.org/10.3389/fpsyg.2018.01326
https://wp.lancs.ac.uk/melc/the-metaphor-menu/
https://wp.lancs.ac.uk/melc/the-metaphor-menu/
https://doi.org/10.1016/j.comppsych.2016.08.012
https://doi.org/10.1016/j.dr.2020.100925
https://doi.org/10.1016/j.dr.2020.100925
https://doi.org/10.1007/BF00053101
https://doi.org/10.1007/BF00053101
https://doi.org/10.4324/9781315672953
https://doi.org/10.4324/9781315672953
https://doi.org/10.7326/0003-4819-137-5_Part_1-200209030-00037
https://doi.org/10.7326/0003-4819-137-5_Part_1-200209030-00037
https://doi.org/10.3344/kjp.2015.28.2.88
https://doi.org/10.5812/ijhrba.31450
https://doi.org/10.1007/BF00946010
https://doi.org/10.1093/oso/9780197611012.003.0006
https://doi.org/10.3389/fpsyg.2019.00765
https://doi.org/10.1007/s11466-011-0151-5
https://doi.org/10.1353/pbm.2015.0010
https://doi.org/10.1046/j.1365-2753.1997.00004.x
https://doi.org/10.1046/j.1365-2753.1997.00004.x
https://doi.org/10.1111/jep.12309
https://doi.org/10.1051/medsci/2018213
https://doi.org/10.1093/jmp/jhz041
https://doi.org/10.5040/9781350076143.ch-006
https://doi.org/10.3402/meo.v16i0.5890
https://doi.org/10.2147/NDT.S179038
https://doi.org/10.3390/ijerph18094790
https://doi.org/10.1038/s41598-023-28070-9
https://doi.org/10.1080/09541440701728623
https://doi.org/10.1001/jama.2019.8385
https://doi.org/10.1002/bip.10273
https://doi.org/10.1002/wps.20794
https://doi.org/10.1007/s11013-016-9493-8
https://doi.org/10.1111/medu.14873
https://doi.org/10.1111/medu.14873
https://doi.org/10.1007/s10459-023-10215-0
https://doi.org/10.1007/s40596-017-0760-y
https://doi.org/10.3389/fpsyt.2024.1320771
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Languaging psychopathology: neurobiology and metaphor
	Introduction
	Neurobiological models in clinical practice
	Neurobiology: model or metaphor?
	Metaphor and evocative intent
	Personalized metaphor and clinical reasoning
	Conclusions: neurobiology, metaphor, and uncertainty
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


