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Abstract. Since little is still known about fundamental brain mecha-
nisms associated to thought, its different manifestations are usually clas-
sified in an oversimplified way into normal and abnormal, like delusional
and disorganized thought or creative thinking. Considering dopaminergic
signal-to-noise neuronal modulation in the central nervous system, and
the existence of semantic maps in the human brain, we developed a self-
organizing neural network model to unify different thought processes
into a single neurocomputational substrate. We performed simulations
varying dopaminergic modulation and observed the total patterns that
emerged at the resulting semantic map, assuming that these correspond
to thought. The model thus shows how normal and abnormal thinking
are generated, and that there are no clear borders between their different
manifestations. Actually, a continuum of different qualitative reasoning,
ranging from delusion to disorganized thought, and passing through nor-
mal and creative thinking, seems to be more plausible.

1 Introduction

One of the most interesting and fuzzy of our mental activities is referred to
as creativity. Many have tried to define and partially explain the creative phe-
nomenon. It could be the combination of ideas from different and largely separate
knowledge fields, or the ability of making unusual relationships or unexpected
connections between elements [1].

Focusing attention on the central elements of a problem and disregarding the
peripheral ones is a good strategy for finding a conventional and unique solution
to a problem. However, broadening attention to a wider range of elements and
regarding them as potentially relevant may be a better approach to finding new
and creative solutions. This divergent thought style follows many directions in
parallel and allows the discovery of unusual associations of ideas.

P.M.A. Sloot et al. (Eds.): ICCS 2003, LNCS 2657, pp. 511-p20, 2003.
© Springer-Verlag Berlin Heidelberg 2003


Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.3
     Für schnelle Web-Anzeige optimieren: Nein
     Piktogramme einbetten: Nein
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 2400 2400 ] dpi
     Papierformat: [ 594.962 841.96 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 2400 dpi
     Downsampling für Bilder über: 3600 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Abbrechen
Einbetten:
     Immer einbetten: [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Farbe nicht ändern
     Methode: Standard
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Ja
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Ja
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Ja
     DSC-Warnungen protokollieren: Nein
     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja
     EPS-Info von DSC beibehalten: Ja
     OPI-Kommentare beibehalten: Nein
     Dokumentinfo von DSC beibehalten: Ja

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Error
     /ParseDSCComments true
     /DoThumbnails false
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize false
     /ParseDSCCommentsForDocInfo true
     /EmitDSCWarnings false
     /CalGrayProfile (Ø©M)
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue true
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.3
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends true
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo true
     /GrayACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /LeaveColorUnchanged
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 300
     /EndPage -1
     /AutoPositionEPSFiles true
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 2400
     /AutoFilterGrayImages true
     /AlwaysEmbed [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 300
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 2400 2400 ]
>> setpagedevice


512 L.A.V.de Carvalho, D.Q. Mendes, and R.S. Wedemann

Psychodynamical theories were also proposed to explain creativity. Freud
suggested that the creative act is a consequence of a fantastic view of the world,
when reality frustrates a subject’s desires. If incursion to fantasy does not alle-
viate excessive frustration, the subject may develop neurotic or psychotic symp-
toms, which are pathological disguises for infantile fantasies [2].

Although inconclusive [2,3], psychodynamical theories gather in a single
model creativity, psychopathology and unconsciousness. Indeed, many reports
express a strong correlation between creative and psychotic thinking. In the sev-
enties, creative writers and maniacs were compared and a common tendency to
broaden or shift conceptual boundaries (overinclusion) was observed [4]. In the
eighties, creativity and schizophrenic thought were suggested to be related to
the same cognitive process, based on the Alternate Uses Tests [5]. Whatever the
relation between psychopathology and creativity is, they seem to have some com-
mon aspects, like the idea of broader, distant or looser association making and
unfocusing of attention. In the present paper, we explore these commonalities to
define an unifying model for creative and disturbed thought.

As described by Karl Jaspers [6], delusions are thought processes that deviate
from normal logical thinking because they are manifest by ideas with character-
istics such as subjective certainty, incorrigibility, and impossibility of content.
Delusions cannot be understood and corrected even in the presence of many
logical arguments. This classical characterization of delusional symptoms has
been reviewed, since for example, some delusions are indeed possibly true and
many of these characteristics can be applied to religious convictions. Impossible,
improbable, or even true, a delusion is a statement made in an inappropriate
context, or without a logical justification based on present reality. Delusions are
not followed by adequate and reasonable justifications and their property of total
and unquestionable certainty leads to their incorrigibility.

For Freud, a delusion is a defense process where judgment mistakes are made,
when the ego tries to isolate from consciousness intolerable representations.
When an intolerable idea is inseparably connected to reality, the only way of
isolating it from consciousness is to detach from reality. Delusions are stimu-
lated by a mixture of anxiety, hiperarousal, suspicion, and the attachment of
meaning to insignificant events.

Disorganized thought is characterized by a loss of the capacity to associate
ideas in a logical way. Ideas completely heterogeneous to each other are associ-
ated, so that the subject’s discourse becomes incoherent, and many times un-
intelligible. This phenomenon is observed specially in schizophrenia, but also in
delirium and in excited maniac patients. In schizophrenia, disorganized thought,
along with delusions and hallucinations, is considered a positive psychotic symp-
tom, and responds well to neuroleptic treatment.

The remainder of the paper is organized as follows. We will describe the
dopaminergic hypothesis, on which our model is based, in the next section. In
section 3, we present our neural network model of cortical map formation of men-
tal representations. In the final section, we describe the simulation experiments
and their results, and draw our conclusions.
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2 Dopaminergic Modulation

The catecholamines norepinephrine, epinephrine, and dopamine are important
neuroactive substances produced in some brain sites and released at distant and
widespread areas in a diffuse or divergent way. These neuromodulating sub-
stances do not act through membrane ion channels but, instead, activate in-
tracellular messengers, promoting a longer effect than the other neurochemicals
released by synapses inside the brain. Since these other chemicals, called neuro-
transmitters, have specific and local synaptic patterns, act through ion channels,
and have short-lasting effects, it is interesting to suppose that they differ from
the catecolamines in function. Due to the fast action and connection patterns
of their producing synapses, neurotransmitters seem to be involved in the im-
mediate processing of signals, while the neuromodulators, with their opposing
properties, suggest a regulatory function, modulating the operational character-
istics of the receptor neurons, i.e., their responses to neurotransmitters.

Increases or decreases in the catecholaminergic levels have behavioral conse-
quences in arousal, attention, learning, memory, and motor responses [7]. It is
still not clearly verified, but it seems plausible to assume that catecholamines
affect the neuronal ability to discern what is information from what is noise in a
signal. Some authors suggest that these neuromodulators enhance the stronger
signal and dampen the weak one [8], while others advocate that they enhance
the cell sensitivity to either excitatory or inhibitory signals [9]. Whatever the
mechanism is, the net effect is the enhancement of the signal in relation to the
background, spontaneous activity called “noise”.

The dopamine hypothesis of schizophrenia advocates that the disorder is
caused by an overactivity of the brain dopaminergic system [8]. An elabora-
tion of this hypothesis is that the dopamine release is chronically reduced in
schizophrenic patients, leading to the upregulation of the postsynaptic recep-
tors and a consequent intensified response in moments of normal or increased
dopamine release, for example, due to environmental stressors [10]. This would
explain both, the positive and the negative, symptoms of the disease.

A relation between acute delusions and dopamine activity is clear from the
fact that amphetamine can cause psychotic states with paranoia, hyperarousal,
hyperactivity, and suspiciousness. It also seems that a decreased dopamine level
leads to a lower signal-to-noise ratio and looser associations of thought, allowing
the creation of new relations [8].

3 Cortical Maps

Since mid 19th century, models and experimental results have shown that brain
cells in many animals have a structure called on-center/off-surround, in which
a neuron is in cooperation, through excitatory synapses, with other neurons in
its immediate neighborhood, while it is in competition with other neurons that
lay outside these surroundings [11].
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Competition and cooperation are found not only statically hardwired, but
also as part of many neuronal dynamical processes. As a matter of fact, com-
petition is essential to neurodevelopment where neurons compete for certain
chemicals. In synaptogenesis, for example, substances generically called neural
growth factors are released by stimulated neurons and, spreading through diffu-
sion, reach the neighboring cells, promoting synaptic growth. Cells that receive
neural growth factors make synapses and live, while cells that have no contact
with these substances die [12]. A neuron that releases neural growth factor guides
the process of synaptic formation in its tri-dimensional neighborhood, becom-
ing a center of synaptic convergence. When some neighboring neurons release
different neural growth factors in different amounts, many synaptic convergence
centers are generated and a competition is established between them through
the synapses of their surroundings. It seems that at least two processes partici-
pate in the dynamics of synaptic formation: pre-synaptic neurons competing for
neural growth factors to survive, and post-synaptic neurons that release neural
growth factors competing for synapses that will keep them alive with stimuli. A
signaling network is thus established to control the development and plasticity
of neuronal circuits. Remembering that all this competition is started and con-
trolled by environmental stimulation, it is possible to have an idea of the way
the environment records or represents itself in the brain.

The competition processes described above are essential to the formation of
some neuronal organizations called maps. A neural map is a biological circuit
composed of two sets of neurons, called domain and image, in such a way that
similar patterns of activation of the domain are projected to neighboring neu-
rons in the image. These maps are subject to constant change, not only in the
neurodevelopmental phase, but throughout life as a function of the subject’s
experiences.

Maps have puzzled neuroscientists in the last decades, mainly the question of
how they arise from the simple on-center/off-surround wiring pattern. Computa-
tional theories gave some important insights to the problem, since some cortical
maps can be artificially developed from simple governing rules for synaptic plas-
ticity, in computer simulation models. The most general of these models is called
the Self-Organizing Map [13], in which two sheets of neuronal tissue with n neu-
rons each, corresponding to the domain and the image, are initially randomly
connected in a way that every neuron ¢ at the image receives synaptic projections
w; € N™ from every neuron at the domain (see Figure 1). Neurons at the domain
don’t form synapses among themselves and receive “sensory” inputs (stimuli),
while neurons at the image make synapses following the on-center/off-surround
paradigm, i.e., short-range excitation or cooperation and long-range inhibition
or competition (see Figure 2).

The on-center/off-surround synapses don’t change during the development
of the map, while the synapses between the domain and the image are modified
along the process of map formation. Indeed, every time the neural network is
in contact with a stimulus z; € ", £k = 1,2,... in its domain, there will be
only one excited neuron i* at the image because the short-range cooperation
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Fig. 1. A Self organizing map with two bi-dimensional sheets of neurons.

and long-range competition makes the more excited neuron inhibit the others.
The position 7* of this winner neuron at the image determines how much the
synapses will be modified. Synapses from neurons closer to the winner will be
strongly changed, in such a way that these neurons will be more intensely excited
by the stimulus zj, in the future. Synapses from neurons distant from the winner
will be weakly changed or not changed at all, depending on the dispersion o
of the neighborhood function ¢(r;,r*), where r; € R" gives the position of a
neuron ¢ at the image sheet. By this process, every neuron in the image will be
more easily excited by the stimulus z (synaptic facilitation) in the future. The
development of the map is a consequence of the fact that the amount of synaptic
facilitation is a function of the distance from the winner neuron. The process
of synaptic modification represented by Aw! for each neuron i is repeated for
every learning step [, where the stimulus z; € ", k = 1,2, ... is presented to
the neural network, and is given by

Awl = p(1) % @(rs, ™) * (21 — wi) (1)
where p(l) is the learning rate defined by
p)=pox BV, 0<p<1,l=1,2,.... 2)

The learning rate begins with the value pg and decreases at each learning
step I with a rate 8. The neighborhood symmetric function ¢(r;,r7*) takes the
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Fig. 2. The On-center/Off-surround synaptical pattern of the image neuronal sheet.

form of a gaussian function

otrar) = (L) 3)

where the dispersion o(l) at each learning step is given by
U(l):ao*a(l_l),O<a<1,l:1,2,..., (4)

and a is a decrement rate.

The initial dispersion of the gaussian, gq, is high, representing that all the
neurons in the image are considered neighbors. This allows the modification
of the randomness of the initial synapses to a more organized pattern, where
neighborhood is of capital importance. At every time-step [ in which another
stimulus is presented to the neural network domain, the neighborhood shrinks a
bit, gradually giving the map a local organization.

4 Simulation Results and Conclusions

A self-organizing neural network with its two bi-dimensional sheets composed of
400 neurons each was developed for computer simulation, as shown in Figure 1.
A set of different stimuli, symbolized by geometrical markers and representing
different concepts or ideas, was repeatedly presented to the Domain sheet of the



Creativity and Delusions: The Dopaminergic Modulation of Cortical Maps 517

neural network. Due to the feedforward connections between the Domain and the
Image sheet, every stimulus presented to the Domain is projected to the Image.
Initially, synapses are randomly generated and therefore the stimuli presented to
the Domain sheet are projected to random positions at the Image layer. While
the stimuli are repeatedly presented to the neural network, synapses change and
a map-like structure develops at the Image layer. Similar stimuli, representing
nearly associated or similar concepts, when presented to the Domain layer, lead
to the excitation of neighboring regions in the Image neuronal layer. This is what
we call a semantic map.

The purpose of our simulations is to show that different maps arise when
dopaminergic modulation controls the synaptic formation process. In fact, vary-
ing the parameters responsible for the signal-to-noise ratio results in maps that
represent the concepts or ideas in a way that can be likened to the creative,
and disorganized thought. To simulate the signal enhancement promoted by the
dopaminergic activity, a threshold 6 is associated to every neuron at the Image
sheet [9]. When the total signal input, coming from the Domain layer to an Im-
age sheet neuron, exceeds the threshold, this neuron is considered to be excited.
Increasing or decreasing the threshold will promote the effect of dopaminergic
dampening or enhancement of the incoming signal. The simulation of noise is
simply obtained by adding to the stimulus a random number in the interval
[-p, +p], where p is a percentage of the stimulus value [9]. The parameters 6
and p allow us to realize any desirable simulation, with total control flexibility
over the signal-to-noise ratio.

In a first simulation experiment, a semantic map was allowed to develop from
the self-organizing neural network when ten stimuli, representing ten different
concepts or ideas, were repeatedly presented to the Domain layer with no noise
and a predefined signal level 8 of 0.999. This map is represented in Figure 3.
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Fig. 3. A reference map with 10 different concepts represented on it.

In a second simulation, the Domain sheet of this already well-formed map was
excited by the single stimuli represented with a . The dopaminergic modulation
was changed in this simulation with the addition of a noise level p of 10%. The
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resulting Image layer map can be seen in Figure 4. Note that with the addition
of noise, the stimulus e expanded its representation, exciting neurons outside
its original region at the Image layer and invading the region associated to the
concept represented by . This can be interpreted as if the increase of noise
level, or equivalently the decrement of the signal-to-noise ratio, was capable of
promoting the association of the different, but similar, ideas or concepts e and
*, neighbors in the map.

[N - - [-[-]-]- v v v

[ - - = = 1= 1= v v v

[ . - = - |- |- v v |v

v v v

R R v v 7

R R R .- & = = ¥ 7
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AR XM xE X + |+ |+ |+ o+

[ X OH X |+ |+ + 4+

AR X v 4+ |+

Fig. 4. The central idea e (thesis) is associated with a neighboring idea * (antithesis),
leading to the formation of a pattern that is the conclusion of the thinking process, or
the synthesis.

Much of our reasoning about the functioning of our model can be understood
as a mechanism of association of ideas. Indeed, when a stimulus (endogenous or
exogenous) elicits a central idea, that we will call here a “thesis”, other ideas,
that corroborate or refute the thesis, are spontaneously elicited. Let us call these
spontaneously elicited ideas the “antitheses”. Because the thesis and the antithe-
ses are elicited at the same time, they are temporally associated, and the final
result of this simultaneous presence is the weighted sum of their influences, with
the emergence of a final pattern that we will call the “synthesis”, or the con-
clusion of the reasoning process. If we assume that “normal” thought is the
triggering of a thesis that elicits a group of antitheses which will be weighted
(pondered) together to generate a synthesis, then, for the occurrence of “nor-
mal” thought, it is necessary to have some level of noise, i.e., a relatively lower
dopaminergic modulation of the signal-to-noise ratio.

In the next simulation, the noise level was increased from 10% to 170%,
and the same procedure followed in the second experiment was repeated. The
result is shown in Figure 5. Note that now the central stimulus e (thesis) has
excited many neurons outside its original representation, invading areas where
other stimuli were represented. In our model, this means that a central idea
(thesis) has been associated with many other ideas (antitheses) generating a
pattern that we can liken to a creative thinking process. The process of making
associations between a central stimulus and distant ones resembles the formerly
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reviewed theories of creativity, where concepts like “loosening of associations”,
“divergent-thought”, “ability of making unusual relationships”, “a momentary
freedom from stereotyped and conventional scenes”, “broadening of conceptual
boundaries”, and some other similar concepts are always present. As a conse-
quence, it is necessary to have a higher level of noise, or equivalently, a lower
dopaminergic modulation of the signal-to-noise ratio, for the occurrence of cre-
ative or schizophrenic thinking, as experimentally observed in [7].

[N - - - I- |- [- T w7
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Fig. 5. The central idea e (thesis) is associated with distant ideas (antithesis), leading
to the formation of a pattern that can be likened to creative or schizophrenic thinking.

If the signal-to-noise dopaminergic modulation is still more reduced, in the
simulation experiences as a consequence of an increase in the noise level p, the
association of ideas becomes more flexible and the creative thought degenerates
to complete disorganization. The border between creativity and disorganization
is obviously not clear, as seen in the ideas reviewed at the beginning of this paper.
As a consequence, the precise level of dopaminergic modulation of the signal-to-
noise ratio that distiguishes geniality from illness can not be determined.

The model unifies the qualitatively different thinking processes into a neuro-
biologically-based substrate. Different thinking processes are viewed so as to
correspond to possible positions over a one-dimensional continuum, where the
signal-to-noise ratio is the measure. At one extreme of this line, where the signal-
to-noise ratio is high, the semantic map becomes more focused in the representa-
tions of ideas. At the other end of the linear continuum, where the signal-to-noise
ratio is low, the excessive noise promotes unusual associations among ideas, re-
sembling the disorganized thought. The “normal” and the creative thought pro-
cesses are positioned between these two ends, depending on the noise level, as
can be pictorially shown in Figure 6. Although biologically plausible, in agree-
ment with many aspects described by psychodynamical clinical experience, and
experimentally based on simulations, the model is very schematic and far from
explaining the complexities of human thinking. Nevertheless, it seems to be a
good metaphorical and unifying view of the many facets of this phenomenon.
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Signal-to-noise ratio

LOW BASAL HIGH
>
Disorganized Creative “Normal” Inflexible Deolusional
Thought Processes

Fig. 6. The linear unifying continuum of thought processes, based on the signal-to-noise
dopaminergic modulation.

This research was developed with grants from the brazilian National Re-
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