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ABSTRACT @ OPEN ACCESS

Sleep psychiatry requires understanding neurobiology and ethics at many explanatory levels that historically have
largely remained uncoordinated across levels of explanation. With some changes in background assumptions, a
framework based on non-equilibrium thermodynamic (NET) stipulations can contribute a trans-disciplinary
vocabulary, a general ethical explanatory strategy, and a general research framework to ameliorate this difficulty.
This NET prioritizes interpreting energy /information inputs and outputs of biological energy-dissipative structures
as relative to a level of analysis. This NET framework can be deployed across the explanatory complexity levels
in sleep psychiatry, from the cellular, through brain subsystem, organism, psychological, to social system levels. This
capability will be an advantage for sleep psychiatrists, who's clinical reasonings involve all these levels, and,
consequently, an aid for interpreting some ethical conflicts found in clinical sleep practice. Furthermore, research
engagements at each analysis level using this framework will foster asking several implicated standard background
questions that are likely to contextualize and enrich knowledge development and relative clinical predictiveness

spanning the broad domain of sleep psychiatry.
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Introduction

While having standard treatments is important for sleep psychiatric practice, some complex clinical situations arise that
require contextualizing sleep disturbances against the spectrum of possible biomedical, psychiatric, and cultural causal
processes that conjointly affect sleep and wakefulness. This causal hierarchy ranges from the molecular to the cultural.
At present, the wise practitioner is ethically enjoined to coordinate within and across this hierarchy, but without a
framework that might help her do so. Having a common metaphysical framework to relate theory levels within the causal

hierarchy will likely reduce the conceptual burdens of sleep psychiatric practice.

Several extant causal framework assumptions have apparently impeded transition to a better framework. First, as
Juarrero! elaborated, traditional Western science has had an undue bias for using predominantly linear causal analysis,
long encouraged by the adoption of Aristotle’s?2 metaphysical specification of his four classes of causes, in which the

teleological cause orients a causal explanation along a linear sequence on a single level of analysis, even though one

can envision mixed3 or multilevel4 approaches. This arrangement works poorly for phenomena that act in a circular
fashion, such as sleep and wakefulness surely do, and all living things in their non-equilibrium thermodynamic (NET)

foundations.

Second, the Western scientific tradition has had a Platonic bias, over-valuing abstract generalizations, toward
generalizable laws, thereby impeding efforts at understanding recursive and situated causal complexities. Clinical trials
of interventions follow this tradition of seeking statistical generalizabilities, while decisions in clinical practice remain
entangled with non-generalizable situational and comorbid complexities.  The traditional metaphysical culture that

overemphasizes the quest for generalizabilities likely has impaired flexible thinking about explanatory contexts.

Third, the Correspondence Theory of Truth5¢ has had an undue influence over theorizing for the reason that traditional
logic is built with the strict 2-space cosmology of True-versus-False. Tarski’s Semantic Theory of Truth” is an exemplar of
this application. However, while this Correspondence Theory has had enormous advantages for the development of
science and technology, additional proofs by Tarski and Gédel® also clearly showed that there will are sentences that
are logically undecidable under this strict regimen. This Correspondence Theory favors ontological and mathematically-
mediated explanations surely, but is ill-suited to explanatory contexts in which there are features of vagueness® in
categorical cut-points (e.g. in diagnostic criteria), logical circularities, or process recursions (e.g. sleep/wakefulness).
Additionally, in the 20t Century, numerous authors have convincingly shown that reference is indeterminate,’0-12
effectively de-grounding this theory’s Realist image. The surmise from this conclusion is that all knowledge evolved from
embodied metaphors'3-15 and other liberal arts. By contrast, the Coherence Theory of Truth takes coherence as its validity

standard, applicable for causal recursions, an amenable to metaphoric reasonings.

Third, Western science has overvalued the use of context-independent conceptions of space and time. In his Kritik der

Reinen Vernunft,'¢ Kant made the relevant, but long-ignored, observation that to conceptualize any cause, one must first

have some stipulation of a space-time framework in relation to which the cause occurs. Kant’s statement was a clear
move away from Descartes’ prior notion of ontological causes, as found in Descartes’ Sixth Medictation.’” Kant noted
that such an account of time and space is, philosophically speaking, a cosmology. For his day, Kant concretely chose a

largely Newtonian,'® absolute and abstract construct of space and time in his own depiction of causation, which cosmology
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Einstein's theory later deconstructed. But Kant’s abstract comment about the causal dependence on the particular, optional

cosmological assumptions of any causal theory still holds, and cannot be ignored.

Fourth, the disparagement of Freud’s psychic energy theory!® may have stigmatized attempts at finding a thermodynamic
framework that would be compatible with any psychiatric reasonings. Like Kant’s point about causal theories, Freud
may have been wrong about a surface assumption but correct about a deeper insight. Any medically compatible
metaphysical framework should be coherent with the actuality that biological systems exist only because they maintain

dynamically stable chemical non-equilibria.

A methodology of new framework assumptions

A good new metaphysical framework would build on the prior one that had accompanied many medical and scientific
successes. Any future integration will require the work of many scholars, incorporating new models with new working

assumptions, some of which can now be considered.

First, assuming that only one type or level of explanation will be sufficient for sleep psychiatric practice is foolish. Instead,
it will be important to embrace theory constructions from many disciplines. Sleep psychiatrists need all the help they can

get for acquiring such constructions.

Second, the elaboration of a new framework will likely require the simultaneous incorporation of a collection of new

assumptions conjointly, as not doing so will run the risk of having the old conceptual biases impede new integrations.

Third, the new assumptions would start with upgrading the analysis of causal recursions and engaging with the Coherence
Theory of Truth. For this, Juarrero20 offered a helpful the notion of a constraint operating in a circular causal process. In

this approach, a constraint is not a linear cause, but rather a scaffolding element for a circular causal process. One can

think of training wheels on a child’s bicycle as an example: The training wheels do not “cause” the bicycle’s forward
motion, but they do constrain its direction. Similarly, reasons for a diagnostic conclusion are not causes, but rather
conceptual constraints for the plausibility of separable diagnoses. Clinical judgments then can be made also in relation
to their overall coherence with the specific clinical context, without the supposal that all the features of a judgement must

match up with absolute correspondence to a set of criteria. Likewise, how a patient may convey the truth of their situation

(for example, about how many hours of sleep one got on a particular night), may be understood coherently, without
necessarily thinking that the patient is guilty of lying or is psychologically impaired if her report does not match 1:1 in

correspondence with a readout on her polysomnogram.

The biologically “pure” thermodynamic assumptions can be stipulated from the results from the analysis of the differential
calculus implicit to a NET dissipative structure, as elaborated by Katchalsky and Curran.2! These are a) that for the
dynamic stability required, the dissipative structure, here a biological system, must maintain an overall time-averaged
constant rate of entropy discharge (“negentropy”) from itself, but that b) such structures can have rhythms in this

negentropy rate.

A corollary to this NET account is that “heat-chemical” energy and information are aspects of the same process dynamic.

They have the same general equation structure,?223 so can be taken as mathematically and conceptually equivalent in
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their application. So that any negentropy from an organism includes information as well as heat and chemicals. As an
example, an infant?22 discharges information to a parent by crying, just as the parent discharges information to the infant
by holding it. This example of circular causal recursion illustrates a related assumption, namely that entropy is best
understood as negentropy and relativistic, rather than simply abstract and absolute. When one considers how biological
systems interact in an ecology, it would actually be a mereological fallacy to assume that the entirety of the negentropy
of one organism or dissipative structure must be taken is as the whole input by another organism or dissipative structure.
In this conception, a “dissipative structure” would include societies, ecologies, and even stars, thereby allowing the NET
framework to be applied universally across explanatory levels. This interdisciplinary universality is a key advantage of

this framework.

Perhaps the most difficult assumption will challenge the notion of a universal space-time framework, even that of Einstein’s
space-time theory. As the True-False dichotomy of traditional logic set up a logical two-space, so also does an organism
set up its two-space cosmology as well: outside-objective versus inside-subjective. The outside-objective space is that to
which the organism appears objectively and phenomenally to an observer or interacting environmental entity. The
phenomena (i.e. all its “phenomenons”) would reflect the organism’s negentropy. An observer might apprise parts of an
organism’s negentropy as features for direct measurement and theory development, depending on the observer’s
optional practical or theory interests. This fits nicely with Kant’s understanding of what a phenomenon was in relation to

a scientific theory, and will continue to apply now and always.

However, the inside-subjective space corresponds to what Kant termed its “noumena”.  Kant’s noumena is that presumed
part of “reality” that stands behind the phenomena, but can never be observed or measured. Kant noted that the
noumenon/noumena could not be stipulated as either ‘one’ or ‘many’ (as Kant stipulated this referential indeterminacy
already in the 18t Century!). Kant’s analysis in fact closely matches Gédel’s® later proof that a theory’s objects (i.e.
phenomena) and its targets (i.e. its noumenal targets) can never be co-defined in extensional logical terms. So inside the
organism’s boundaries lies its metabolic indeterminate noumena, which one will never be able to measure instantly and
in all its complexity. The noumenal indeterminacy might have caused some thinkers to postulate that a living thing was
mysterious or somehow “vital” or spiritual,’® but all the noumenal characterization would mean was that the metabolic
workings were best regarded as complexities occurring behind an opaque boundary. And, from the “perspective” of
the inside-subject noumena “itself”, its environment would “appear” to it as a noumena, relativistically. This would mean
that in any clinical encounter, the patient and the provider are two “noumena” in some “hellish”24 or “epiphanic”25 relation

of mutual recognition.2¢

Another assumption to deflate is that space and time cannot be compartmentalized or hierarchically modeled. When
one invokes the notion of a “multilevel” explanation, or one that would admit of some causal reduction, one is adopting
the view that causal systems might be modular, parallel, interlaced, or nested. This can be meant in relation to ontologies,
processes, and even different temporal modes. For example, there are 12-hour?:28 and 90-120 minute?® biological
rhythms nested within the 24-hour rhythm. Contrary to some authors,30 time is indeed not Real®! (i.e. not context-

independent): It is plural, relative, and often experientially inordinate.32

Within relativized temporal compartments, subpart roles emerge within such compartments that may not generalize

outside their respective compartments. A role is lexically defined as a time-parameterized relation.33 Any consideration
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of causal roles rather demands that such roles be entangled within one or more contextualized temporal compartments.
Causal roles are best understood as inherently contextualized. Causal roles then become more the investigative interest
than categorical outcomes. Hence, outcomes are considered as soft/contingent34 and situated rather than fixed and

abstract.

Resulting illustrative examples

At a cellular level, Escherichia coli coordinates from an anabolic state to a catabolic state when its Nicotinamide Adenine
Dinucleotide (NAD) kinase is inhibited by increasing NADPH and NADH concentrations that indirectly reflect environmental
oxygen availability.3536 One surmises that E. coli has latent metabolic constraints genetically built into the NAD kinase’s
primary and secondary structures to coordinate to what would be its phenomenal interpretation of its oxygen environment.
This arrangement allows it to coordinate its negentropy rates across the phases of oxygen concentrations that it

encounters, thereby meeting the time-average thermodynamic requirements of negentropy “management”.

Metabolically predictive mechanisms also manage metabolic rates in organisms exposed to the solar cycle. If metabolic
pathways require some set-up time for their optimization, it is a comparative advantage for the organism, for example
humans, to have internal timing mechanisms that prepare for the day and night in advance.3” This timing capacity
increases the coherence-matching between the solar phase and the correlating metabolic phase, making the organism
both more thermodynamically efficient and, teleonomically speaking,3® more “survivable”. This rationale explains why

biological circadian rhythms exist as temporal governing constraints for managing daily time-averaged negentropy rates.

Once one allows the assumption that causal contexts may be modular or hierarchical, one can include the notion of
ecologies within a new metaphysical framework. Wefley3? points out that the Sun's total energy output to the Earth is
eventually dissipated from the Earth into Space as infrared radiation, but not all at once. Instead, the absorbed energy

is partly dissipated in small steps by living things in ecologies.

From basic biochemistry we know that within the eucaryotic cell, its mitochondria organelles produce adenosine
triphosphate (ATP), the major chemical “fuel” for the cell. This arrangement amounts to an ecology. The mitochondrias’
negentropies include ATP and heat, while their inputs are carbon source and other molecules provided by a eukaryotic
cell’'s cytoplasm. The cell’s cytoplasm takes up this ATP energy input, giving back to the mitochondria processed
biochemicals so to maintain their own dissipative structures. This exemplifies how an ecology is a recursive arrangement

of negentropy exchanges.

Yet ecological boundaries comprising a metabolic noumena are not limited to those of cellular or subcellular
compartments. Boundaries are also organized functionally within larger biological systems. For example, neuron/glial
pairings exist as composite dissipative structures. The neuron has its primary role of expelling information-as-negentropy
to its downstream cell targets in the form as neurotransmitter discharges. It also expels cellular byproducts of this activity
in the form of chemicals which its glial partners take up as part of the glial cell’s energy intake.#% In turn, the glia
discharges its entropy also as chemicals and information,#’ some of which its neuronal partner takes up as neuronal
metabolic requirements. The separate expelled negentropies of the neuron and the glia are partly relative found to

each other within brains.
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There are yet wider brain ecologies. Neuropsychologists are well known for using precise testing procedures to diagnose
which brain regions are affected by a brain injury. Their testing viewpoint assumes that there are brain regions having
physical and/or functional boundaries between them that embody distinct and separable domains of information
metabolism within a brain ecology. Those brain regions are diagnostically separable NET dissipative structures in the

neuropsychological assessment of information processing capacities.

The neuropsychological viewpoint has found interpretive extensions in the domains of the circadian rhythm and Non-
Rapid Eye Movement (NREM) sleep. It is now well established that the suprachiasmatic nucleus (SCN) is the nuclei that
informationally sets the body’s 24-hour time parameterization,42 which uses the ocular melanopsin receptor system to

coordinate with the solar cycle.#3 This SCN’s key negentropy to the rest of the body obviously is its rhythm signaling.

The NREM system appears to have at least two distributed nuclear arrangements that subserve the daily memory duty
cycle of forgetting irrelevant details while also remembering relevant details for future use. The “forgetting nucleus” of
NREM sleep appears to be an extensive thalamocortical-to-transcortical network with boundaries that are currently hard
to precisely delineate microscopically. It has been known for decades that the sleep spindle observed cortically is the
result of an interaction between the interstitial nucleus of the thalamus, the columnar system of the thalamus, and the
cortical mantle.44 Likewise, it is now appreciated that the Slow (<3 Hertz) waves of the cortex, associated with spindles,
are associated with the general process of synaptic downgrading,4® which would generally correlate at the whole-brain
level as forgetting. In this same sleep phase, there also is a separate system that takes signaling from hippocampal
sources to the cortex, that facilitates selective synaptic upgrading,4¢ which would correspond to the process of selective
upgrading of memories to greater permanence from the short-term memories that the hippocampus manages from

wakefulness.

These two forgetting and remembering compartments overlap anatomically for the cortical neurons involved, yet each
can be considered as separate neural ecologies in interaction. Such is coherent with a general NET interpretation, if one
can accept the assumption that part of one compartment’s negentropy may dynamically interact with another
compartment’s negentropy, here in the service of the whole organism. In a sleep psychiatric clinic, one cannot measure
these processes directly as they occur at the informational level, but one can use this framework to understand better how
people’s memory works, and why getting adequate sleep is important for good memory functioning. This is coherently

true, but cannot be proven with any directly corresponding measurements.

Conceptual and Ethical Entanglements in Everyday Sleep Psychiatric Practice

Traditional inquiries about sleep asked teleologically about its essential function(s), and some essentialist-focused
philosophers still ruminate about the “hard problem” of consciousness,4” but such questions are usually divorced from
current neurophysiological or NET theoretical backgrounds. One may adopt instead a philosophy-of-language approach.
While “state,” “trait,” and even “stage” have been treated as “states of being”, in NET terms a state (e.g. sad mood) is
a dissipative structure whose constituting constraints have a shorter time-constant, or are comparably easier to modify,
while a trait (e.g. disorder, personality) is one whose constituting constraints have a longer time-span and are harder to
modify, yet still a stage (e.g. sleep stage) is a phase in which a particular dissipative structure is preeminent in a recurrent

series of stages.
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Processes are not determinatively governed by static categories or norms, but by stochastically mediated practical
requirements for the persistence of NET structures. It is these NET structures that have “Beingness” during their time-
periods of existence. “Being” is an analogue of “Information”, just as “process” is a conceptual analogue of
“thermodynamic heat.” A dissipative structure exists by virtue of its dynamic constraint categories and norms that are
shaped by stochastic processes. Now admittedly, one cannot simply dispense with essentialist discussions entirely, even
though their essentialisms require re-frameworking. Categories and norms apply only in relation to maintaining various
organismic and social dissipative structures within this broader NET metaphysical framework. These structures can be

referred to de dicto, but not de re.

In this perspective, ontology amounts to conceptual heuristics.#8 If Nature were organized according to a static logical-
deductive system of setting action thresholds, creatures would be confronted with too many situations that were
undecidable according to these strict logical rules. Because actions tend to be categorical, Nature seems to have found
it necessary in its processing of information to use categorical, ontological-grade constraints that are not strictly logico-
deductive, but are emergent within and across coherence frameworks. Even though a coherence approach to truth lacks
certainty, it does afford, teleonomically considered, a “decision mechanism” for deciding on categories and norms based

on preponderance of probabilities affecting persistence.

Most of the time, ontologies and norms will be heuristically helpful to have and maintain. For example, a neuron’s all-or-
none discharge pattern represents an imperfect heuristic design strategy that instantiates a kind of categorically
ontological judgment. At the whole-organism or societal levels, the use of a working ontology allows organisms and social

groups to decide on particular courses of action, despite the absence of absolute certainties.

By familiarity and teleonomic surmise, higher-level dissipative structures police their constraints toward ontological/
categorical conformities in order to persist. For immune and social questions that use categorical judgments, the problem
is not so much that of banishing all evils but deciding on the criteria sufficient to “decide” which evils are ignorable and
which demand reactive actions to protect the organism or society. If an internal or external entity acts in a manner that
might impair the general metabolism of the dissipative structure, then it would be acting as an infectious or cancerous
disabling constraint, thereby threatening the organism or social system. Self-constraint “decision” processes about cut-

points for taking protective actions will take effect or the entity will die sooner than it would otherwise.

But what are cut-off criteria for deciding on a categorical judgment? Ancient sophists already recognized this problem
of Sorites paradoxes. “Sorites” in ancient Greek referred to a “pile”. The problem: How many gains of sand put together
amount to a pile? The cut point is vague? and undecidable from a purely logical point of view. At some point one crosses
even a vague cut-point, in which case one has made a categorical transition of “being” from a “mere set” to a “pile”.
Along the continuum, the set-point determines an ontological distinction which amounts to a practical decision to act

categorically.

The body’s immune defense system is known to have such Sorites paradox problems. On the one hand, it is practically
important to have categorical responses for defending against cancers and infections. On the other hand, sometimes the

categorical responses can misidentify a class of cells, in which case the whole person suffers from a condition of
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autoimmunity, as the body attacks itself and causes “unwarranted” self-damage. The Sorites paradox issue makes risks

of autoimmune disorders unavoidable for hierarchically complex NET structures such as living things.

In social groups the question may arise, “How much of a pile of moral offenses qualifies a person as immoral, so then to
place the person in the category of the immoral persons, with attendant categorical actions one takes with immoral
persons?” And sometimes one has problems of categorizing a person as strictly immoral, suffering from a neuropsychiatric
condition, or just eccentric. At the societal level, social categories serve as part of the constraint-setting for society’s
dissipative structural integrity, as based on the societies understanding of itself and of natural processes. Some of the
psychiatric issues about “Free Will” concern this contrast between how an individuals’ metabolism of meanings may pose
socially-perceived risks to her social environment. Societies set moral boundaries and these can entangle clinical
evaluations and actions when an average layman’s epistemic framework differs from an expert's knowledge

framework.49 This can set up risks of bidirectional, and perhaps recursive, translation failures and epistemic injustices.50:51

When natural process variants of sleep and behavior arise in socially organized contexts, sometimes these variants will
be treated as within a range of acceptable moral variation and sometimes as frankly immoral, using the social group’s
extant epistemology about sleep and behavior. The cases of narcolepsy and delayed sleep phase disorder patients
illustrate this: Despite these conditions being neurophysiological process variants, too frequently such patients are judged
by laymen as being immorally lazy, so can be exposed to social sanctions. These are instances of epistemic injustice
originating from a society’s setting its own social boundaries, which can be dissociated from neurobiological,
psychological, or even circumstantial explanations, and liable to common fallacies of reasoning, from the point of view

of an expert’s knowledge.

Boundary-setting problems also exist for deciding when a person , “has” a disorder deserving of moral treatment. In our
society, diagnostic criteria serve as categorical validation frameworks for deciding whether a person “officially” has a

Iu

particular disorder. This fosters disorders seen as categories of abnormal being, in an analogy to abnormal “natural
kinds”, even though this treatment is fallacious.52 Those without such “official’ diagnoses are frequently judged as immoral,
or as just weird. So societies also have risks of social autoimmunity, which clinicians must deal with deploying ethical

sensitivity in everyday practice if each person’s unique dignity is also a moral value for the clinician.

Discussion: Past Epistemic Progress and Suggested Continuing Heuristics

Another person’s energy, information, and material inputs, and her energy, information, and material outputs are what
one can observe in everyday life. Here the person’s outputs would include both gross behaviors, as well as expressions
of thoughts and feelings. We might like to see what is going on “inside” the brain procedurally and instantaneously, as
we might now insist for the ethical vetting of artificial intelligence machines, but such is undoubtedly infeasible even for
those forms of non-human natural intelligence in our pets. Nonetheless one can propose some framework-based
improvements in our scope of understanding about neurobiological processes that probably will improve our clinical care

over historical time.

Happily, some progress has already been made in this direction for cases of chronic insomnia. As historical context, in

the 19th century MacNish published The Philosophy of Sleep,5? in which he made some still-useful suggestions for the

treatment of insomnia. Yet current sleep psychologists are now much more successful in treating insomnia in part because
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their therapeutic approaches have aligned with new understandings, even though the therapists cannot measure any brain

physiological process directly.

Clinical psychological approaches have clearly improved because of a 20"-Century understanding of classical and
operant conditioning theories. With this background understanding, one can more successfully surmise that for some
patients, the bed may become a conditioned stimulus for the person to be awake, especially when the bed has been
chronically associated with being awake or being anxious. Thus the rule “If you cannot sleep, get out of bed, and return
only when you feel you are more likely to sleep” now has a firmer theoretical foundation than it might have in the 19t

century.

Spielman’s 3-P (Predisposing, Precipitating, Perpetuating factors) model,># an inadvertent reconfiguration of Aristotelian
causal categories,? served to orient the therapeutic focus on the perpetuating factors that teleonomically “kept” the
insomnia persisting. Configuring the model into practice led to better clinical success, in part because it implies that many
cases of chronic insomnia are in effect matters of circular causality in the form of perpetuating factors, in keeping with
this NET framework, taking perpetuation as a teleonomic “goal” of the chronicity. Psychologists do not actually measure
these perpetuating factors, but they do surmise them and make better guesses about what interventions will help the

patient with insomnia.

Finally, the incorporation of the Two Process Model of Sleep Regulation35 illuminated the procedural importance of
obtaining sleep log data from insomnia patients, and the entailed importance of doing clinical planning using this data.
The sleep log data does not directly measure any brain process. Even polysomnography is not recommended>é for the
routine diagnosis or treatment monitoring for insomnia. This is partly because the two highly relevant neurobiological
systems governing sleep and wakefulness, the SCN and the nearby hypothalamic nuclei, are inaccessible to measurement,
except in lab animals with implanted electrodes. Nonetheless, the outputs from these deep brain nuclei can be often

practically surmised from patient reports and sleep logs.

The circadian rhythm is one of these processes. As a rhythm, its phase position is comparatively hard to change rapidly,
as exemplified by the problems of jet lag. Its temporal phase inertia allows reliable phase coordination with the solar
cycle under normal living conditions. While specialized research techniques can measure a person’s phase position, these
techniques are not yet clinically feasible. Nonetheless, one can find some clinical success by making astute surmisals from
patients’ self-reports and sleep logs about their circadian phase positions and making clinical plans accordingly. The

circadian system is best understood in relation to NET framework of explanation, as previously mentioned.

The second process is that of sleep pressure, which builds up with continuous wakefulness, and dissipates when a person
returns to sleep. By contrast, the “phase position” of these sleep-based pressures resets comparatively rapidly, when one
just sleeps. There are actually two sleep pressures, one for REM sleep and one for non-REM sleep, for which the latter is

usually of more relevance for the care of chronic insomnia.

As more became known about the ebb and flow of these circadian and sleep pressures with their separate phase
behaviors, sleep psychologists became better able to provide partial explanations for what patients reported, and so

made better clinical predictions. Patients’ confidence in the treatment improved when such predictions were then
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personally experienced, improving motivations for treatment adherence and success. So, the clinical guesswork improved,

even though the underpinning neurobiological processes could not, and will never be measured directly.

Clinically, a sleep or psychiatric disorder may be neurobiologically interpreted as a resultant of a composite of atypical
neurobiological rhythms at the neuronal and brain-region levels. Sleep stages themselves are phenomena indicative of
separate rhythm structures that do not cycle strictly according to clock times, but rather in time coordinate cycles that fit
with the organism’s overall NET optimization. Recent work has explored the separate entropy structures of the sleep
stages.>” But with this conceptual approach, time would also be treated as part of a noumenon of each subsystem’s
context, since time occurs in the phenomenal form of cycles. Time has many relativistic types, according to the many
dissipative structures within the brain. Each relativistically “subjective” neural sub-structure expels its negentropy to one
or more other neural structure(s). The various neural sub-structures in the brain, then, comprise a manifold of subjectivities
in various partly inordinate3? cyclic relationships with each other, in an ecology. Each such subjectivity metabolizes
various kinds of information according to various temporalities, with outputs seen as temporally objective by other “sub-
brain” subjectivities to which it is neurally involved. Appreciating this, it is then easy to appreciate how sleep and
psychiatric disorders might arise and then be difficult to explain with any deterministic exactness using a strictly linear

causal modeling context.

Already we are aware of measurable biological cycles, be they seasonal,8 menstrual, daily, or infra-radian.5® In
epistemic support of such rhythms, the neural components that support these rhythms have already been, and will continue
to be, researched and characterized in ways that will aid clinical interpretations. This exploration of the neural basis

for less obvious biological rhythms will continue, expanding our understanding of the within-the-brain information ecology.

It seems likely that the components of various rhythms have interleaved neural structures within the brain, so that any
given neuron may have roles in more than one dissipative rhythm structure. It is well established that neurons have
different firing patterns under different voltage regimens. Furthermore, it may happen that some of the rhythm
interactions are not strictly neural, but also endocrine (e.g. melatonin) or paracrine. Furthermore, neurotransmitter systems
within neurons may have the effect of setting time-parameters for relative neural responsiveness in a construct of inter-
rhythm coordination. In such a likely arrangement, it will be more useful sometimes to consider the description of the
boundary of a neural subjectivity more in temporal terms than in relation to supposed physical boundaries between
microscopically identified nuclei. In this regard, the temporal boundaries between sleep stages may be more important
to understand in particular analyses than microscopically evident boundaries of cortical or subcortical cell types. The
rhythm-as-rhythm may be the central subjectivity of interest in particular cases, bounded by its onset and offset, much in
the manner of how E. coli has an enzyme switch in its NAD kinase that helps to govern its cycles of anabolism and

catabolism.

If one can return to the mathematical findings describing NET, then it would seem prudent to have as one investigative
goal for analyzing various dissipative structures within a nervous system to include descriptions of their physical or
temporal boundaries, their inputs and outputs, and the conditions for their time-averaged constancies of overall entropy

(thermal, information, or material) discharge.
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Contextual Limitations: Epistemic proofs are not obtainable about dissipative structures,

but surmisals are.

While any ecology cannot be fully deterministically disentangled scientifically, it is possible to improve our knowledge
of a particular ecology by finding identifiable sub-role depictions. In environmental ecological analysis, plants and
animals are known to play different ecological roles in different climates. Likewise, it has been, and continues to be,

possible to better understand brain ecologies similarly.

But the knowledge one might obtain from adoption of the NET framework will rarely be deterministic, so will always be
exposed to suspicions of insufficient proof by the standards of linear causal analysis and challenges from theorists

operating at different levels.

Family therapy, in which the NET analogy has already been inadvertently deployed, can be an example of this inter-
level ecological contrast. A family systems therapist sees the client family as an impaired dissipative structure, rather
than supposing that there is only one family member that uniquely constitutes the family’s source of family
pathology.¢® Clearly each family member is a separate dissipative structure within the family’s larger dissipative
structure. Yes, one of the members might be psychiatrically very sick, but the family therapist will de-emphasize this
circumstance in her mode of analysis, instead looking for how the family as a whole is metabolizing affect and
information. The therapeutic approaches she suggests will be more directed at the positive or negative constitutive
constraints operating at the level of the family system, rather than procedurally fixing mostly on just one family member’s
possible individual psychopathologies. The therapist then will be suggesting changes in the communicative constraints

operating across the family system as a whole. The family systems approach is indeed effective for some family situations,

in part because it dissipates “blame”. But it is and will be impossible to validate the efficacy of family therapy with a
clinical trial methodology at least because such would demand unworkably large sample sizes — of families! So there
will never be epistemic linear proof in favor of family therapy. Now one could fallaciously take the absence of such

proof as proof of the absence of effectiveness, but why?

For the sleep psychiatrist, a slightly different analytic inter-level attitude takes place. While it is possible to focus mostly
on wakefulness as do many psychiatrists, she will be concerned also about a person’s daily sleep-wake consciousness
taken as a whole. Sleep pathologies may be a predominant focus of her own assessments and interventions, but the
overall clinical focus is to address the patient’s 24-hour functioning. While it is difficult to be conversant in all current
developments in “wakefulness psychiatry”, the sleep psychiatrist often will frequently need to address daytime psychiatric
difficulties as well, if the intention is to address wakefulness and sleep taken as a whole. The similarity with family

therapy here is the need for inter-level diagnostic awareness and responsiveness.

The credence of family therapy is based on a reasonable faith in educated surmisals. But that is no different than
surmisals about whether a psychiatric case formulation should center around genetic, developmental, neurological, or
current psychosocial levels of analysis. Debates about the central type of general causal concern are debates about
which particular NET level to use in a case formulation. If one takes the NET framework approach, one will continue to
be burdened with questions about how much one can trust various clinical surmises, and which level of analysis is the “right

one”. And then, naturally, one might also ask the patient about the level on which she surmises the clinical problem lies.
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The clinician-client pair itself is a dissipative structure, with each bringing constraints for this structure that influence its

boundaries.

Conclusion

This review of perspectives in sleep psychiatry has proposed that the care of sleep and psychiatric disorders would make
helpful progress by actively integrating an NET perspective into their understanding. The NET approach relies heavily
on the use of the Coherence Theory of Truth.6 It is now the historical time to explore how the NET framework may
contribute to our understandings of biological, psychological and social systems. In many topic-level scientific theories,
latent variables are assumed. But let’s now see how NET can be a useful latent interdisciplinary framework. It certainly

makes sense for sleep psychiatrist to do so.
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