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Abstract. In this publication, we will use the principal concepts of John of the Cross,
the famous mystic of the XVI" century, as a framework to go over, in a non-re-
ductionist way, three challenges in contemporary neuroscience of decision-mak-
ing. Firstly, the dark night and the purgative paths will be related to discontinuity in
decision-making. Secondly, the passive and active paths will be associated to brain
plasticity, architecture, and levels of decision. Thirdly, the illumination, which can
be felt when a solution is reached, has to do with positive emotions and can be in-
spired by the science of love of John of the Cross. We shall lastly conclude by empha-
sizing the usefulness of his work to illuminate the neuroscience of decision-making.
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Introduction

To undergo behavioral or cognitive changes, to decide, humans must go
through five main steps (Figure 1; Savioz 2021). The initiation step in-
volves the phrasing of the question or of the problem to be solved. Fol-
lowing there is a deliberation step, when different responses are assessed.
This step is characterized by higher stress levels related to uncertainty,
indecisiveness, or the inability to solve the problem. This will momentar-
ily result in intense intellectual activity or exploratory behaviors. Subse-
quently, there is a breaking step when one response is chosen. At that mo-
ment a climax is reached, comparable to a breathtaking panoramic view
after a long mountain hike. Other metaphors have been commonly used
to describe this phenomenon of illumination or intuition more precisely.
Mechanical metaphors mentioning a combination of elements, such as
a key with a specific lock (e.g., Changeux and Connes 1992, 117), corre-
spond to a discovery. A unique key must be found for a specific lock. Fluid
metaphors involving a fusion of elements, for instance a log and a flame
(Maritain 1963, 741-743),! correspond to an invention, one must create or
modify a key in order for it to fit the lock. Beyond their limitations, these
representations suggest the existence of functional levels at the breaking
step. If you cannot find a solution, you must invent one. Lastly, in the two
final steps, the implementation and completion steps, the suggested re-
sponse is evaluated and may lead to an adequate solution.

Even though the overall process of decision-making has been well de-
scribed by neuroscientists, such as Glimcher (2003) and Peters, McEwen
and Friston (2017), key aspects of the deliberation and breaking steps re-
main largely an enigma.

1) The deliberation and the breaking steps are closely linked together,

in a continuum. However, the whole decision process appears to be
a paradox, as there is also a discontinuity. Indeed, during the pro-

1 See also John of the Cross (Spiritual Canticle, Stanza XXII, 3; Dark Night, Book II,
chap. X, 1).
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cess, preconceptions are discarded, motivation must be reinforced,
and emotions mastered.

2) The existence of functional levels is commonly accepted. For in-
stance, the economist and Nobel laureate 2002, Daniel Kahneman
(2011) talks about an instinctive, emotional, and rapid decision-mak-
ing mode occurring automatically, however with errors, and a slow
mode, needing high efforts and attention. One can also think of Al-
exander Grothendieck, one of the greatest mathematicians of the
20th century. He described the process of dreaming/discovery with
three levels, the carnal, the mental and the spiritual level (Gro-
thendieck 1987). However, so far, no consensus has been reached re-
garding the identity and number of such levels.

3) Finally, the process of decision-making has features that challenge
experimental and theoretical scientific approaches, thus making it
difficult to explain their mechanisms. Already, at the deliberation
step, when the individual is confronted by the unforeseen or the
unknown, “time” or “duration” appear to be distorted. Additional-
ly, the decision is indescribable and, in some cases, appears to have
been made without logic. Unconscious mechanisms predominate
until a choice is made.

In the present article we are interested in the general process of deci-
sion-making regarding an example of conversion, as described by John of
the Cross, or of an important life decision, and not in all steps involved.
We are dealing with important and rare choices, such as to convert or
not, to opt between moral paths, survival strategies or theories, rather
than with minor or day-to-day decision-making, which can participate as
building blocks in the whole process. John of the Cross reflected at length
on the phenomenon of conversion and proposed a precise, refutable mod-
el, which sheds light on the three enigmas raised. Our intention is not to
force his explanations onto contemporary neuroscientific data, but to il-
lustrate how his work can be used as a framework to unfold current neu-
roscientific knowledge regarding the mentioned enigmas. Particularly,
how it provides a non-reductionist interpretation of the neuroscience of
decision-making, emphasizing the existence of several steps and levels.
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After a brief recall of the life and work of John of the Cross, we will
talk about each enigma in the next three chapters. The continuity/dis-
continuity of the deliberation and breaking steps can be illuminated by
his concepts of the purgative path and of the dark night, which must be
seen as means for facilitating decision-making, not as decision-making
itself. Our understanding of the functional levels can be enlightened by
the concepts of the active and passive aspects of this path. Lastly, illumi-
nation itself deserves to be considered from his notion of the “science of
love”. We shall lastly conclude by highlighting how the non-reductionist
perspective of John of the Cross contributes to our understanding of de-
cision-making.

1. Life and work of St John of the Cross in brief

Juan de Yepes Alvarez, known as John of the Cross, lived in Spain from
1542 to 1591, in the Renaissance and Reformation time. As a reformer
of the Carmelite Order, a follower of Teresa of Avila, he was held captive
in Toledo in a dark tiny cell for nine months, between 1577 and 1578, by
monks who did not share his conception of life in monasteries. While he
humbly accepted his situation, he later acquired the certainty that he was
on the wrong track and decided to escape. Jean-Pie Lapierre, an editor who
commented on his work, said: “This prison which he leaves as one molts, is
it there that John of the Cross was lit by the flame of love, lit and burned?
Everything leads to believe it” (Lapierre 1984, 14). The poem he sketched
in the prison later led him to phrase a doctrine on the pursuit of perfec-
tion, which required going first through, what he called, a “dark night”:
the darkness or emptiness in oneself favors the illumination or transfor-
mation of oneself. He wrote four texts between 1584 and 1587. These writ-
ings speak about the ascent of a “secret staircase” or of a “mystical ladder”
associated with a dark night,? forming a purgative path of gradual renun-
ciation (Figure 1). A void is created enabling to purify, rest and strength-
en one’s soul until union with God.? The first text, The Ascent of Mount

2 John of the Cross (Dark Night, Book II, chap. XVII, 1).
5 John of the Cross (Dark Night, Book II, chap. XXIV, 3).
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Carmel, describes the active purgative path. It is a conversion path requir-
ing to make adequate choices, sometimes difficult ones, about life. John of
the Cross compared it to climbing a mountain. The second text, The Dark
Night of the Soul, addresses the passive purgative path, preparing the hu-

To the living God, aim lllumination

Time

the transformative union
is being accomplished

Purification of the soul
from temptation

Stanzalto IV: Stanza V. Stanza VI to VIII

On a dark night, Oh, night that Upon my flowery breast,

Kindled in love with yearnings--oh, happy chance! gmde_d me, Kept wholly for himself alone,

I went forth without being observed, Oh, night more There he stayed sleeping, and | caressed him,

My house being now at rest. lovely than the And the fanning of the cedars made a breeze.
dawn,

In darkness and secure, Oh, night that The breeze blew from the turret

By the secret ladder, disguised--oh, happy chance! joined ) As | parted his locks;

In darkness and in concealment, Beloved with With his gentle hand he wounded my neck

My house being now at rest. lover, And caused all my senses to be suspended.
Lover

In the happy night, transformed in | remained, lost in oblivion;

In secret, when none saw me, the Beloved! My face | reclined on the Beloved.

Nor | beheld aught, All ceased and | abandoned myself,

Without light or guide, save that which burned in my Leaving my cares forgotten among the lilies.

heart.

This light guided me

More surely than the light of noonday

To the place where he (well | knew who!) was awaiting
me -- A place where none appeared.

Active purgative pathway: Mystical llluminative works:
« The Ascent of Mount Carmel » union «The Living Flame of Love »
Passive purgative pathway: « The Spiritual Canticle »

« The Dark Night of the Soul»

Figure 1. Comparison between the progression of the soul towards conversion/
illumination according to John of the Cross (in black) and the model of
decision-making in five stages and two movements, exploration, and
exploitation (in grey; Savioz 2021)

Source: The progression described by John of the Cross follows the VIII stanzas of the
poem stated in the books The Ascent of Mount Carmel and The Dark Night of the Soul.
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man soul to be receptive of grace. This path is parallel to the active path.
Once the dark night has been illuminated, the union of the soul with God,
also called union of love, is reached. The last two texts, The Living Flame
of Love and The Spiritual Canticle, describe the illuminative path following
this mystical union. It is also called a transforming union, meaning that
people will devote themselves entirely to their quest. Overall, John of the
Cross describes a “science of love”.

2. The purgative path, the dark night and discontinuity

A more precise description of the purgative path, with its ladder or levels
and the dark night, will be presented. This will allow us to approach the
phenomenon of continuity/discontinuity of decision-making and to un-
derstand how to avoid wrong choices. In a second part, these concepts will
be applied to the neurobiological data in order to show how they contrib-
ute to a non-reductionist vision of the phenomenon of decision-making.

2.1. The purgative path

The purgative path consists in climbing a “secret ladder”, i.e., a psycholog-
ical or interior staircase.* According to John of the Cross’s anthropology,
thisladder is structured. A human being is composed of a body with senses,
and a spirit with three main powers: understanding, memory and will.>
The path gradually leads to the purification of the self for temptations or
sins.® Concretely, it is a question of entering several dark nights (Table 1).

Thus, to progress, the path of conversion firstly requires to enter
a night of the senses, i.e., to distance ourselves from the external senses’
and passions.® To get to the second level, the spiritual level, it is necessary
to immerse oneself in the night of the spirit, i.e., to first enter a night

4 John of the Cross (Ascent, Book II, chap. I, 1).

5 John of the Cross (Ascent, Book II, chap. VI; Book III, chap. XVI); John of the Cross
(Dark Night, Book II, chap. XXI).

¢ John of the Cross (Ascent, Book I, chap. VIII, 4).

7 John of the Cross (Ascent, Book I, chap. XIII).

8 John of the Cross (Ascent, Book I, chap. V)
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of understanding. This means freeing oneself from one’s imagination,
fantasy, internal senses,” and supernatural knowledge.!° Furthermore, it
is necessary to enter a dark night of memory and will,!! favoring the pas-
sage between levels. Finally, a third level can be reached where “at times
the soul remains as it were in a great forgetfulness, so that it knows not
where it has been or what it has done, nor is it aware of the passage of
time”.!? This level is, unlike the others, timeless. Additionally, it can be
irrational and ineffable.!® It is better explained by poems than by prose,
by anagogy than literally, by mystical language than by philosophical ex-
planations (Maritain 1963, 648-649, 658-659). Indeed, for the mystic,
the transformative union with God means “resignation and detachment
from everything”.!

Overall, to make an important decision, such as in a conversion, the
purgative path has to free the person from his sensual or animal dimen-
sion, from the spiritual or rational dimension to, at best, get close to a ce-
lestial dimension: “We may say with truth that, that which was sensual
becomes spiritual, and that which was animal becomes rational; and even
that the soul is journeying from a human life to a portion which is angeli-
cal; and that, instead of being temporal and human, it becomes celestial
and divine”.!®

The doctrine of the dark night is a doctrine of void. Today we would
call this, avoiding distractors. This approach to dive into the dark night
has the advantage of pursuing the intended goal, not taking any detours,
either by getting lost or, even worse, taking erroneous paths and never
succeeding. Various harms, such as wandering of memory, are prevent-
ed by the same token.!° It is a question of choosing a path of perfection
by avoiding the “way of the lost spirit” which is too attached to earthly

% John of the Cross (Ascent, Book II, chap. XII).

10 John of the Cross (Ascent, Book II, chap. XXVI). Supernatural knowledge, i.e., visions,
revelations, inner words, and spiritual feelings.

11 John of the Cross (Ascent, Book III, chap. I).

12 John of the Cross (Ascent, Book II, chap. XIV, 10).

3 John of the Cross (Dark Night, Book II, chap. XXIII, 10).

4 John of the Cross (Ascent, Book II, chap. V, 8).

15 John of the Cross (Ascent, Book III, chap. XXVI, 3).

16 John of the Cross (Ascent, Book III, e.g., chap. XXII and XXV).
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goods and the «way of the imperfect spirit» which remains linked to his
interests. Emptying the soul will favor access to the “liberty of spirit”!
which enables to think of the unthinkable.

Table 1. Functional levels according to John of the Cross”

Sensual and animal level Night of senses Soul distantiates from external senses, passions
(spiritual deadly sins) and associated particular
reasonings or natural knowledge

Spiritual and rational level Night of the understanding Soul dlstanuat_es from the internal senses (imagination
and fantasy), simple general or supernatural knowledge
(visions, revelations, inner words, spiritual feelings) —
FAITH

Night of memory and will Soul distantiates from memories and will —
HOPE and CHARITY

Celestial, and timeless level Union of love

N Soul guided by the «heart» reaches the mystical union
A moment of eternity

John of the Cross describes in The Ascent of Mount Carmel three main levels, i.e., the
night of the senses, the night of the understanding, memory and will and finally the
supernatural level, comparable to the top of Mount Carmel and requiring the union of
love and mystical knowledge. The first level is predominant at the deliberation step of
the model of decision-making (Figure 1), while the second level is more focused on the
moment of rupture or decision-making. Lastly, the third level, the transforming union,
projects into the future by integrating the past. More than the others, it gives timeless-
ness to a decision of break in life. The theological virtues, faith, hope and charity, enable
to move to the third level. Note that the “All-other” is God.

The phenomenon of discontinuity in conversion is linked to the meta-
phor of the dark night from the model of John of the Cross. It appears to
correspond to an objective reality, which can proportionally deploy itself
in order to solve the problem. Indeed, the metaphor of the dark night is
commonly evoked in relation to decision-making or ruptures of life. The
biologist Francois Jacob reached at least the first level when he made his
discovery, unconsciously recombining different genetical data in a logical
explanation while looking at a movie in a dark cinema (Jacob 1987). The
writer Emmanuel Schmitt reached the second level when he lost himself

7" John of the Cross (Ascent, Book III, chap. XXIII, 6); Maritain (1963, pp. 658—661).
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at night, in the Hoggar desert, and became spiritual (Schmitt 2015). Fi-
nally, a possible example of the third level would be the famous mystical
experience of Blaise Pascal, his “night of fire”. At that level, the limits of
the reality or of the individual are reached. One is particularly faced with
a difficult decision, either because of a lack of information or because
of the presence of contrary or plausible truths. If the choice to be made
is unavoidable, then it is equivalent to a jump in the dark. Moreover, if
the choice cannot be done randomly because of the potentially deleteri-
ous consequences it would entail, then it becomes problematic. Knowl-
edge and reason must be transcended by selflessness, empathy, or wis-
dom (Maritain 1963, 693-694).

2.2. Neuroscience of the purgative path

The model of John of the Cross should encourage scientists to be wary of
any simplified vision of decision-making, i.e., when discontinuity is re-
duced to only one night or the first level. Rather, there are various forms
of it, from day-to-day decision-making to conversion.

The dark night can be partly linked to the deliberation step, to the
physiological processes of unlearning, or re-learning (Pagani and Merlo
2019). Unlearning is related to intense stressful situations. Fear and de-
spair activate the amygdala and, via glucocorticoids, the hypothalamus-
pituitary-adrenal stress system, as well as the adrenergic system. Chronic
stress can lead to depression, and hippocampal shrinkage, as is the case
in Alzheimer disease (McEwen 2012) resulting in avoidance of decisions.

However, if not too intense or if momentary, a stressful situation at
the deliberation step might enable the breaking step (McEwen 2012). This
is the case, at the first level, when the “night of the senses” is reached by
filtering stressful stimuli out, such as in sensory deprivation, in medi-
tation, or by escaping a stressful environment. Indeed, the unconscious
learning by classical conditioning diminishes as stimulus-stimulus asso-
ciation decreases. Under such conditions, the decreased release of ace-
tylcholine might increase cortico-cortical and hippocampo-cortical in-
formation processing (e.g., Hasselmo and Giocomo 2006). Additionally,
it might also lead to the automatic resolution of a problem by allowing
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thoughts to be reorganized or changed. At that first level, the neocortical
network of attention might be inactivated, contrarily to the default-mode
network, associated with daydreaming (Buckner and DiNicola 2019) and
sleep-onset (Lacaux et al. 2021). This network, instrumental to creativ-
ity, would participate in the exploration of a variety of competitive cog-
nitive strategies, including behavioral ones, facilitating decision-making.

Interferences of cortical information processing, leading to uncon-
trolled imagination, fantasy, hallucination, or delusion - the internal
senses of John of the Cross — might also result from the low levels of neu-
rotransmitters, such as acetylcholine or dopamine. John of the Cross saw
the necessity of entering the nights of the understanding, the memory,
and the will, i.e., a second functional level, to limit such phenomena. Now-
adays, following scientists such as Hilgard (1980), we would rather evoke
the “mental trilogy”, i.e., emotions instead of comprehension/under-
standing, cognition instead of memory and a rational mind, and motiva-
tion instead of will'®. At this second level, unlearning or inhibiting learn-
ing helps to master one’s feelings, to update one’s knowledge by forgetting
outdated memories, and to control desires. The dark night of the mental
trilogy is supposed to enable an ordered exploration of feelings, ideas and
desires resulting in a decision that has to do more with a quasi de novo cre-
ation rather than a discovery, occurring more likely at a first level.

A third level can be reached when no satisfactory solution is found
at the first two levels. In such a scenario, no solution seems sufficient-
ly rational. Thus, one has not only to accommodate his mind but also
to open it. Unlearning at this level could mean, for example, forgiving
oneself for wrong decisions, rather than simply forgetting them. This re-
quires the use of reason in combination with wisdom, selflessness — John
of the Cross would speak about love (Table 1) —, and strategies going be-
yond neurobiological ones, i.e., cultural, and social strategies, whilst ap-
plying ethical rules.

18 The underlying neural networks mainly involve the amygdala and the insula; the
neocortex and the hippocampus; and the striatum with the nucleus accumbens, re-
spectively.
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3. The passive and active aspects of the purgative path,
and the virtues

It is now a question of better understanding the functional levels of de-
cision-making by focusing on the passive and active aspects of the pur-
gative path of John of the Cross. In a second part, we explain how they
contribute to underline a non-reductionist perspective of neuroscientif-
ic data, that is to say, in this case, a non-deterministic vision of the phe-
nomenon of decision-making.

3.1. The passive and active paths, and virtues

The description of the purgative path given in the previous chapter part-
ly corresponds to the active path. This path uses virtues in association
with human mental powers, i.e., the understanding, the memory, and the
will, in order to facilitate choices and achieve goals. The powers can go
through the dark nights by relying, according to John of the Cross, on
virtues of faith, hope and charity, respectively.” By opting for the dark
night, with the help of these virtues, a selection takes place, avoiding var-
ious errors in decision-making, such as excess or wrongdoing in making
choices in the pursuit of power, fortune, and pride to succeed.?®

In contrast, the passive path results from the fact that the ability of
human beings to progress does not primarily depend on their will. It is
rather given to them.?! A passive path enabling filtering or selection of
sensory inputs exists simply because the senses correspond to a “strait
gate”.22 However, the path taken thereafter is widening, enabling contem-
plation or an open mind not distracted by the sensory inputs.?3

For John of the Cross, both paths are necessary and complementary.
However, to reach the union of love, the soul must adopt a passive atti-

19 John of the Cross (Ascent, Book II, chap. VI).

20 John of the Cross (Dark Night, Book II, chap. XXI).

2L John of the Cross (Dark Night, Book I, chap. IX, 7).

22 John of the Cross (Dark Night, Book I, chap. XI, 4).

%3 The passive path has the advantage of enabling God to communicate with us while we
are tempted (John of the Cross, Dark Night, Book II, chap. XXIII, 2-3).
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tude, whereas an active attitude can possibly be an obstacle.?* Hence, in
our words, de novo creation or invention might be favored by the passive
path, more than by the active path alone.

3.2. Neurosciences of the passive and active paths

The passive and active paths can be related to the brain organization, in
association with the three functional levels.

Whereas, at the first level, the senses are responsible for a passive se-
lection of sensory inputs (Figure 2), at the second level, the loop networks
including the striatum, as well as the amygdala, are involved in motiva-
tion and emotions, and participate in the active selection of adequate or
virtuous choices or behaviors (Savioz 2021). The motivational loop can be
instrumentally conditioned: by trial and error, a person learns to make ad-
equate choices. Conditioning can also be unlearned to promote virtuous
attitudes. That is to say, not being too emotional but thoughtful and vol-
untary enough (Table 1). During the life history of each person, the pre-
frontal cortex gradually learns to control negative emotions (Smith 2018).

Finally, at the third level, the supramodal neocortical structures, which
are characterized by the highest synaptic plasticity, enable undistract-
ed and passive thinking, contributing to decision-making. They consist
mainly of the hippocampus and the associative cortices, forming an inten-
tional loop (Freeman 1999; Kozma, 2016). These regions are mainly indi-
rectly stimulated by sensory inputs and can therefore work independently
of the stimuli. Consequently, they cannot be conditioned by sensory in-
puts and can unfold thoughts despite sensory distractions. Novel ideas or
solutions can emerge to consciousness. In turn, as a “top-down” informa-
tion flow, they will be able to influence the sensory inputs, as in active per-
ception, and produce adequate responses in a proactive and not reactive
manner, as in goal-directed behaviors (Figure 2). This flow is, for exam-
ple, activated when a person with a motor disability directs his wheelchair

24 An active attitude of the “soul would be directly quenching the spirituality which
God infuses through these imaginary apprehensions...” (John of the Cross, Ascent,
Book III, chap. XIII, 4).
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by thought via specialized devices (Bastos-Filho et al 2014). In pathologies
such as Alzheimer, where significant synaptic losses occur, especially in
the supramodal cortices (Savioz et al 2009), the passive path is impaired,
resulting in a diminished capacity to make important decisions.

Overall, the passive path of John of the Cross, related to synaptic plas-
ticity and neural network architectures, implies that the decision-making
process cannot be entirely conditioned and that therefore, a determinis-
tic explanation will not suffice to understand it.

A Supramodal cortices A
|
vMOFOF Ser{tory
cortices Active and passive cortices
neural networks A
Somatomotor Hippocampus, Striatum, Amygdala pe'?cc:;tfon
outputs \
Passive
sensory
system
GOAL-DIRECTED _
BEHAVIOR > L 4_.
Environment Senses

Figure 2. Sensory and motor cortices (light grey) develop earlier than su-
pramodal cortices (dark grey). These last cortices can work indepen-
dently from sensory inputs, are the most plastic and process the most
information. Myelination in these areas happens later. They are capa-
ble of top-down information flow and form with the hippocampus, an
intentional loop. They are also the most vulnerable in aging and Alz-
heimer’s disease. They cannot be conditioned directly and can there-
fore be linked to the passive path of John of the Cross. On the contra-
ry, loop networks, involving the striatum and the amygdala can learn
by conditioning. One actively learns to make decisions by controlling
emotions (amydgala...) and motivation (striatum, cortex)

Source: Figure modified from Savioz (2021).
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4. The illumination

Once a decision is made, there is a moment of illumination and the ini-
tiation of the transformative path. We will now focus on this moment
and explain its relation with the “science of love” of John of the Cross.
How such a perspective can be applied to a neuroscience, interested in the
phenomenon of illumination, will be discussed.

4.1. The illumination or the point of rupture

For John of the Cross, the moment of illumination is a moment of union
of love with God, emerging after having avoided bad decisions and temp-
tations. It is much broader than a deterministic and physicalist point of
view where stress is replaced during discontinuity by the pleasure of hav-
ing found a solution. John of the Cross recognized that graces can be ob-
tained at this stage: beauty, enjoying the sweetness of love, and wisdom
or divine science.? However, this is not the endpoint, as a decision can be
followed by other ones that will require an extended effort.2¢

Thus, for John of the Cross, climbing the ladder of the purgative path
“is the science of love”.?” After union, the path will widen considerably,
love becoming total and peace settling in. As an owl in the light is
dazzled,?® falling in love or a decision make us speechless or can alter our
perception of time. This is not about giving an ontological explanation of
the vanishing of time, but rather a psychological one. Time is not abol-
ished but life is henceforth forever marked by the choice made.

At the third level, one needs mystical knowledge, that is an intelli-
gence of heart. It goes further than deductive reasoning and sometimes
even than the principle of non-contradiction. It also enables one to avoid
being trapped by the urgency or impatience, and to consider the long
term. John of the Cross gave an example when talking about the disciples

25 John of the Cross (Spiritual Canticle, Stanza XXXVI, 1).

% John of the Cross (Spiritual Canticle, Stanza XX VI, 2-3); John of the Cross (Dark Night,
Book II, chap. XIX-XX).

27 John of the Cross (Dark Night, Book I, chap. XVIII, 5).

28 John of the Cross (Dark Night, Book II, chap. V, 3).
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of Emmaus?’. They were blinded by their sadness and could not imagine
an alternative to their rational explanation, Jesus, whom they believed to
be the deliverer of Israel, was dead. Over time, the memory of past events
and Christ’s announcements opened their hearts, allowing them to rec-
ognize the presence of Christ among them. They chose the unthinkable
only after ruling out all other options.

At higher levels of choices, love for an ideal also plays a role. Intention
must be considered and not anymore just pleasures, interests or psycho-
logical, economic, or social gains, such as reputation. It seems inconceiv-
able to grasp, for example, the life of self-giving of Saint John of the Cross
while ignoring his aims: “Such is he that loves God; he seeks neither gain
nor reward, but only to lose all, even himself, according to God’s will; this
is what such a one counts gain”.3°

4.2. Neurosciences of the illumination and of the point of rupture

Inspired by the “science of love” of John of the Cross, we can opt for a neu-
roscientific perspective that is not limited to instincts, pleasure, and con-
ditioning. If on the first level of the decision-making process, illumina-
tion might have to do with achieving pleasures comparable to those of
a sexual nature, on the second level, it might refer to the feeling of joy
observed in passionate love; and on the third level to mystical ecstasy re-
lated to unconditional love, a love in favor, not of a specific person, but
of all people.

At the first level, endorphins, and the hormone oxytocin are involved.
At the second level, brain networks of motivation and emotions are large-
ly interrelated to the brain network of decision-making. According to
Bartels and Zeki (2000), the deactivation of the right prefrontal, parietal,
and middle temporal cortices of amorous subjects was related to joy and,
in the amygdala, to decreased sadness and fear. At the third level, neuro-
imaging studies of unconditional or altruistic love showed an activation
of many brain regions (Beauregard and Paquette 2006; Beauregard et al

29 John of the Cross (Ascent, Book II, chap. XIX, 9); Lc (24, 13-35).
30 John of the Cross (Spiritual Canticle, Stanza XXIX, 7).
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2009). Some of them were also activated during passionate love, such as
regions of the striatum.

Depending on the level of choice, a person might be guided by imme-
diate (for instance, in neuroeconomics, short-term financial gains) or de-
ferred pleasures. The frontal and parietal activities which select for the
long term, can moderate the motivation, associated with the dopamin-
ergic system, which aims for the short term (McClure et al 2004). At the
third level, we can say that an intelligence of heart comes to the front.
At that level, the body works united with the conscious “mind”. It was
shown, for example, that higher resting heart rate variability reflects
a stronger strength of the medial prefrontal cortex — amygdala interac-
tion in human adults, indicating successful emotional regulation (Saka-
ki et al 2016). This supports a neurovisceral integration perspective (e.g.,
Thayer, Mather and Koenig 2021).

Overall, current research in neuroscience of happiness shows that
a distinction can be made, despite overlaps, between brain networks of
hedonia, at a first level, and the motivational brain regions, potentially
involved in eudaimonia (good spirit), or happiness, associated with cog-
nitive appraisals of life meaning and engagement, at a second and third
level (Kringelbach and Berridge 2009). However, this field of research,
and even more so the domain associating happiness and decision-mak-
ing is still in its beginning stages. Consequently, caution is needed when
oversimplifying associations between brain regions, functional levels,
and illumination, particularly when resulting from neuroimaging stud-
ies. Nevertheless, the existence of functional levels contributes to the
avoidance of an approach that is too reductionist regarding the phenom-
enon of illumination.

Conclusion

In the present article, we were interested in the work of John of the Cross
as a framework to unfold present neuroscientific knowledge with respect
to three enigmas regarding decision-making, i.e., in short, discontinui-
ty, functional levels and particular features culminating in the illumina-
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tion. We wanted to show how the non-reductionist perspective of John of
the Cross allows a critical point of view on the neuroscience of decision-
making.

Indeed, it appears that, since there are usually several dark nights par-
ticipating in the purgative path with numerous possible neurobiological
implementations (stress, unlearning...), it is necessary to avoid reducing
the discontinuity observed in decision-making to a single night or to the
first level, especially when we are preoccupied with important life choic-
es. The physicalist perspective appears to be sufficient to explain what
happens when unconscious choices are made at a first functional level.
One has however to distance oneself from reductive physicalism and bi-
ologism, as from the first level on, form and information already play an
important role. A decision does not only depend on brain changes, but
also on the logic and content of thoughts which are interrelated accord-
ing to their own rules.

Furthermore, the passive and active aspects of the purgative path of
John of the Cross enlighten our understanding of functional levels. Main-
ly, it was observed that, due to the existence of the passive path, part-
ly related to the synaptic plasticity of neural networks, decision-making
cannot be fully conditioned, thus ruling out deterministic models as ex-
planations.

Lastly, it is worth considering illumination itself from the notion of
“science of love” of John of the Cross. It has been noted that, depending
on the level of decision-making, it is either related more to pleasure, pas-
sionate love, or unconditional love. It is also possible to establish links be-
tween these levels of love and the duration of a decision.

Overall, we have seen that human beings are either passively con-
fronted with dark nights, or can actively seek out such nights and even
increase or decrease their intensities to reach a solution. Moreover, the
clearer is not explained by the darker. An appropriate level of darkness is
a condition to reach illumination. The solution is not given by the dark-
ness but by the person who goes through a dark night. However, to fully
understand the decision-making process, neuroscientists will still need
to explain all the features of illumination that John of the Cross men-
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tioned, such as the vanishing of time. There remains the possibility that
they will discover that the closer they get to the breaking step, the more
illumination will appear as an unfathomable black hole.

Acknowledgments

Thanks to Stefania V. Konstantopoulou, Pascale Marin and Natacha Re-
ich for the proofreading of the text.

References

Bartels, Andreas, and Zeki, Semir. 2000. “The neural basis of romantic love.”
Neuroreport 11: 3829-3834.

Bastos-Filho, Teodiano F., Cheein, Fernando A., Miiller, Sandra M., Celeste, Wan-
derley C., de la Cruz, Celso, Cavalieri, Daniel C., Sarcinelli-Filho, Mario, Am-
aral, Paulo F., Perez, Elisa, Soria, Carlos M., and Carelli, Ricardo. 2014. “To-
wards a new modality-independent interface for a robotic wheelchair.” IEEE
Transactions on Neural Systems and Rehabilitation Engineering 22: 567-84.

Beauregard, Mario, Courtemanche, Jérome, Paquette, Vincent, and St-Pierre
Evelyne L. 2009. “The neural basis of unconditional love.” Psychiatry Research
172: 93-98.

Beauregard, Mario, and Paquette, Vincent. 2006. “Neural correlates of a mystical
experience in Carmelite nuns.” Neuroscience Letters 405: 186-190.

Buckner, Randy L., and DiNicola, Lauren M. 2019. “The brain’s default network:
updated anatomy, physiology and evolving insights.” Nature Reviews Neuro-
science 20: 593-608.

Changeux, Jean-Pierre, and Connes, Alain. 1992. Matiére a pensée. Paris: Odile
Jacob. English translation: 1995. Conversations on Mind, Matter, and Mathe-
matics. Princeton: Edited and translated by M.B. DeBevoise.

Freeman, Walter J. 1999. How brains make up their minds. London: Weidenfeld and
Nicolson.

Glimcher, Paul W. 2003. Decisions, uncertainty, and the brain. The science of neuro-
economics. Cambridge, Massachusetts: A Bradford Book, The MIT Press.

Grothendieck, Alexander. 1987. La clef des songes ou dialogue avec le bon Dieu.
Université Paris 6: Grothendieck Circle. https://www.quarante-deux.org.

Hasselmo, Michael E., and Giocomo, Lisa M. 2006. “Cholinergic modulation of
cortical function.” Journal Molecular Neuroscience 30: 133-135.

26 ScientiacFides 11(2)/2023



ILLUMINATING THE NEUROSCIENCE OF DECISION-MAKING...

Hilgard, Ernest R. 1980, “The trilogy of mind: cognition, affection, and cona-
tion.” Journal of the History of the Behavioral Sciences 16: 107-117.

Jacob, Francois. 1989. The statue within. New York: Basic Books.

John of the Cross. 1972. La montée du Carmel. Paris: Seuil. English translation:
Ascent of Mount Carmel (third revised Edition) (ecatholic2000.com).

John of the Cross. 1984. La nuit obscure. Paris: Seuil. English translation: Dark
Night of the Soul (third revised Edition) (ecatholic2000.com).

John of the Cross. 1995. Le cantique spirituel. Paris: Seuil. English translation:
Spiritual Canticle of the Soul (ecatholic2000.com).

Kozma, Robert. 2016. “Reflections on a giant of brain science. How lucky we
are having Walter J. Freeman as our beacon in cognitive neurodynamics re-
search.” Cognitive Neurodynamics 10: 457-469.

Kringelbach, Morten L., and Berridge, Kent C. 2009. “Towards a functional neu-
roanatomy of pleasure and happiness.” Trends Cognitive Sciences 13: 479-487.

Lacaux, Célia, Andrillon, Thomas, Bastoul, Céleste, Idir, Yannis, Fonteix-Galet,
Alexandrine, Arnulf, Isabelle, and Oudiette, Delphine. 2021. “Sleep onset is
a creative sweet spot.” Science Advances 7(50):eabj5866. doi: 10.1126/sciadv.
abj5866.

Lapierre, Jean-Pie. 1984. Introduction to The Dark Night of the Soul, by John of the
Cross. Paris: Seuil.

Maritain, Jacques. 1963. Distinguer pour unir ou Les degrés du savoir. Paris:
L’Ordinaire, Desclée de Brouwer.

McClure, Samuel M., Laibson, David I., Loewenstein, George, and Cohen, Jona-
than D. 2004. “Separate neural systems value immediate and delayed mon-
etary rewards.” Science 306: 503-507.

McEwen, Bruce S. 2012. “Brain on stress: How the social environment gets under
the skin.” Proceedings National Academy of Sciences, USA 109: 17180-17185.

Pagani, Mario R., and Merlo, Emiliano. 2019. “Kinase and phosphatase engage-
ment is dissociated between memory formation and extinction.” Frontiers Mo-
lecular Neuroscience 12:38. doi: 10.3389/fnmol.2019.00038. eCollection 2019.

Peters, Achim, McEwen, Bruce S., and Friston, Karl. 2017. “Uncertainty and
stress: Why it causes diseases and how it is mastered by the brain.” Progress
in Neurobiology 156: 164-188.

Sakaki, Michiko, Yoo, Hyun J., Nga, Lin, Lee, Tae-Ho, Thayer, Julian F., and
Mather, Mara. 2016. “Heart rate variability is associated with amygdala func-
tional connectivity with MPFC across younger and older adults.” Neuroimage
139: 44-52.

Scientiae:Fides 11(2)/2023 27



ARMAND SAVIOZ, STEPHEN PERRIG

Savioz, Armand. 2021. “Paradigm shifts in neuroscience linked to decision-mak-
ing: back to the future with Thomas Aquinas.” Mind and Matter 19: 209-227.

Savioz, Armand, Leuba, Genevieve, Vallet, Philippe G., and Walzer, Claude. 2009.
“Contribution of neural network to Alzheimer disease’s progression.” Brain
Research Bulletin 80: 309-314.

Schmitt, Eric-Emmanuel. 2015. La nuit de feu. Paris: Albin Michel.

Smith, Kerri. 2018. “Sex and drugs and self-control: how the teen brain navigates
risk.” Nature 554: 426-428.

Thayer, Julian F., Mather, Mara, and Koenig, Julian. 2021. “Stress and aging:
A neurovisceral integration perspective.” Psychophysiology 2021; 58:e13804.



