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What type of artificial systems will claim to be conscious and will claim to experience qualia?
The ability to comment upon physical states of a brain-like dynamical system coupled with its
environment seems to be sufficient to make claihe. flow of internal states in such systems,
guided and limited by associative memory, is similar to the stream of consciousness. A specific
architecture of an artificial system, termadicon, is introduced that by its very design has to

claim being conscious. Non-verbal discrimination of the working memory states of the articon
gives it the ability to experience different qualities of internal states. Analysis of the flow of inner
states of such a system during typical behavimmatess shows that qualia are inseparable from
perception and action. The role of consciousness in learning of skills — when conscious informa-
tion processing is replaced by subconscioisselucidated. Arguments confirming that phe-
nomenal experience is a result of cognitive processes are presented. Possible philosophical objec-
tions based on the Chinese room and other arguments are discussed, but they are insufficient to
refute articon’s claims that it is conscious. Conditions for genuine understanding that go beyond
the Turing test are presented. Articons may fulfill such conditions and in principle the structure of

their experiences may be arbitrarily close to human.
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In his famous article “Computing Maclary and Intelligence” Alan Turing (1950)
considered the question “Can machines thiokie too ambiguous to answer. Bearing in
mind the problems with defining consciousness the various uses of the word the question
“Can artificial systems be conscious?” can dledoo ambiguous to answer. In this paper
another question is considered instead: Whagyof artificial systems may claim to be con-
scious, and are there any strong arguments against such claims?

A computer that is programmed to rep#atm conscious” does not make a justified
claim. To understand when a claim like thgtuisified one needs to understand the processes
leading to conscious experience in our brains. Trying to elucidate this process | will distin-
guish three levels of difficulty. First, anyefsl theory of consciousness should explain the
difference between those processes that wea@mnscious of, and haplienomenal experience
of, and similar proesses that have no such compon8ath contrasti heterophenomenol-
ogy approaches have been proposed by d&h¥94) and developdxy Baars (1988). Ha-
bituation, a process of vanishing phenomenpkeence in spite of persisting physical stim-
uli, is a good example of minimally contragtigituations. What has changed, why has con-
scious experience vanished? Mtstories of consciousnessh@mers, 1996) fail already at
this basic level.

The second, more difficult level is to undersd the structure of the qualia. Each sen-
sory modality has a specific structure of its p@taal space. Auditory, visual, tactile and ol-
factory perceptions elicit conscious experiences, but there is a qualitative difference between
the types of qualia that accompanies these experiences. If all information processing was sim-
ply accompanied by phenomenal experiebesed on quantum effects (Chalmers, 1996), if
consciousness was all-pervading (De Quin2€92), or involved a spiritual soul (Eccles,

1994), then the differences be&t@n the structure of differegtialia would 8ll remain unan-

swered. Moreover, the qualia that we are experiencing change in time. Learning new skills
(driving, horse-riding, playing an instrument) initially requires conscious control, but after

some time control becomes automatic or subconscious. How can a conscious process become
subconscious? | will argue here that only theories based on cognitive brain mechanisms may
explain all facts rated to qualia.

The third, even more subtle and difficult level, is to explain why there is any feeling at
all, why are we not zombies. At first thisrd problem of consousness (Chalmers, 1995)
may seem to be hopelessly difficult. Intensive deloa this topic in the last decades has not
brought much agreement (Chalmers, 1997). lavijue that artificiabystems based on brain-

like computing principlesnust claim to experience qualia states. Systems of this type will be



calledarticons (from arti-ficial con-sciousness), and they will be something different than
just artificial intellects (oartilects).

Brain-like Computing L eadsto Systemsthat Claim to be Conscious

An industrial robot, an animal with the bmastem intact and most of the brain re-
moved, or a human in a coma react to specific stimuli that elicit a spectrum of automatic re-
sponses. For the nineteenth century neuroplogggis, such as Thomas Laycock who formu-
lated the concept of “unconsciocarebration,” the brain was teeat of consciousness, while
the brain stem and the spinal cord wer@oesible for unconscious responses. There was a
strong resistance to the idea that the brain may also react in an automath/illiayn
James (1904) claimed that coms@ness is not an independentity, but is a function of
particular brain-based experiences. Consciess cannot be defined independently of the
object we are conscious of; both fothe same functional complex.

A close connection between mind functionsl drain complexity is evident. Inner
life, leading to sophisticated behavior, regsisephisticated brains. On the other hand a se-
ries of reflexes and automatiesponses triggered by specstimuli may produce interesting
behavior without any inner life. Computers great deceivers, already capable of creating
graphics that are hard to distinguish fromlitgaExternal observatiomay not be sufficient
to differentiate between simadrum and genuine mind. One wawt of this dilemma is to
propose a specific architecture for brain-likenputing and justify why it should be sufficient
to produce mind-like behavievith inner life behind it.

Active brains are the only systems that andoubtedly associated with minds. Under-
standing brains (and anything else) requsiegple models, but ovamsplification or wrong
metaphors lead to insurmountable problems. Rojylof the grossly simplified models of
the brain, such as the left-right hemispheresitivi of functions, or #triune brain models
(Humpden-Turner, 1981), show this needdionplicity. Turing machine information-
processing metaphors are notlgeited to represent dynamigalocesses in the brain. Multi-
dimensional neurodynamical systems provitdech better metaphoesmd models, but are
more difficult to grasp (connection betweemraelynamics and psychological spaces is out-
lined in Duch, 1997).

? The fascinating history of early development of these ideas was presented by J. Miller in “Going Unconscious”
(Miller, 1995).



Perception has evolved to fi@ate action. Seray information is pocessed in several
stages by relatively independent brain sutesys (modules) in a very complex manner. Par-
tial results of this processing are not perceived consciously, and there is no place in the brain
where results of all this processing comes together, forming a final percept. How exactly is
the final percept formed, if this happens lgtia still not known. Binding of neural activities
Is one possibility, but the issue is controverd?@rhaps the most important role of perception
is to enable the knowledge and exercise of §eemotor contingencies,” without the need for
internal representations, as it was pesstedy argued by O’Regan and Noé (2001).

Memory plays a crucial role here, enablinggeptual learning at the basic level, and
associative learning at the higher level (@bbne, 1998). For example, in the olfactory sys-
tem “Cortical synthetic coding reflects an expace-dependent procebst allows synthesis
of novel co-occurring features, similar to pesses used for visualbject coding” (Wilson
and Stevenson, 2003, p. 307). This mechanismad to solve the main olfactory system
task; that is discrimination @ne odorant from another (or ovisual object from another).

For our purpose a simplified model is sufficient. Imagine a number of specialized “feature
detecting odorant receptive fields” or moduleshe olfactory cortextuned to specific odor-
ants. A specific signal received from the olfactory bulb will activate one or more of these
modules in a resonant mannand their contribution will badded to the global dynamical
state of the brain. More than three moduls®nating at the same tinsend interfering acti-
vation patterns, making precidescrimination of odors difficultas demonstrated by Wilson
and Stevenson (2003).

Recognition of objects is memory-based, thus every cognitive system must have asso-
ciative memory capable of storing new facts praliding content-addreable retrieval. This
is achieved by tuning the @sance properties of modulesexcitation patterns provided by
modules specializing in feature recognition. Erample, at the lower level of speech proc-
essing elementary phonemes are discovermdlmodules coding phonemes that become ac-
tive resonate, sending their patte of excitations to a set of modules specializing in word
recognition. All these resonant processes congibuthe global dynamical state of the brain.
These general facts are rather uncontroveiGigfan (1996, p. 69) sees associative learning
“as an expansion of the cortia@presentation of a complex eveand thinks that “the dis-
tinction between perceptual and memory systentl need to be abandoned as deeper under-
standing of cortical plasticity is achieved.” getiments show that long-term memory is refer-

enced in sound processing even in REM sleep (Atienza and Cantero, 2001).



A number of attempts to create model®iin activity based on coupled oscillators
has been made (see for example Frank, Daffefer, Peper, Beek, and Haken, 2000). Adap-
tive Resonance Theory (ART), developeddrpssberg (2000) over two decades, proposes
that learning may fine-tunee¢meural modules that respondqonate) strongly with incoming
stimuli. This helps to solve the stability-plasticity dilemma, allowing for rapid learning and
preserving the stability of the knowledge allg acquired. Adaptive senant states are
formed in the brain from the up-going activity stream (sensory to conceptual areas) and the
down-going streams (conceptual to sensorysyréarming reverberating and self-organizing
patterns (for vision models basedsarch processes see Ullman, 1996).

Articons, simplified brain-inspired compugjrmodels, will be based on resonant proc-
esses and may learn using ART and similar techniques. The articon system is composed of a
large number of modules that may resonate $pecific way, some of them being sensory
modules, some motor modules, and some asseeimemory modules. The resulting activity
of a module contributes to theoplal dynamical state that inrtuactivates all other modules,

producing a flow of dynamical states. In Figd a sketch of a minimal articon system is
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Figure 1: Information flow in the brain-like ogouting systems used in articon construction.



shown, with additional modules that allovetiystem to comment on its own global dynami-
cal states. How does it help to solve groblem of understanding consciousness?

The long term memory of the human bravast, stored by 100 trillion synapses of
about 10 billion cortical neurons. The number afdules (cortical columns) is much smaller,
around one million, with each using 10-100 thousard®seurons. Since many cortical col-
umns are involved in storing memory traces icombinatorial fashion, the number of poten-
tial memory states is almost infinite. Interstdtes of cortical columns are the basic building
blocks of the inner space of the articon. The graatate, or lowest excitary state of cortical
modules of the living brain, corresponds to a madiactivity as seen in deep sleep. To stay
alive neurons need to send about two spgerssecond. The brain dynamics must have a
global stable attractor, otherwise all activity vgilbp and neurons will die. Excitations of this
global ground state, due to both the external détimns and intrinsic internal dynamics, cre-
ate intricate configurations okural activity patterns, an internal state reflecting both envi-
ronment states and memory of previous staés can not experience reality directly; only
the internal states of the brain agerienced and may be commented upon.

Articons learn to recognize external stimulations creating associative memory patterns
in the form of excitations of a few modules tlbatle particular combination of features ex-
tracted from these stimulations. External object$vate sensors that extract specific features
and send signals to the long term memory, activating memory traces of similar experiences
remembered from the past. This activity results in the working memory state that may be
identified as percept, in the form of persmteooperative activity of several columns (mod-
ules). In particular auditory signals may be recognized as words (which are initially also per-
cepts, patterns of neural activations). The associative character of memory in such a system
will lead to a chain of activation patternsckaorresponding to sonmener object, for exam-
ple a train of words or percepts. Because obsociative, attractor nae of brain dynamics
that largely restricts the admissible inner states of the articon to combinations of those states
that have been learned, a negligibly smaltiparof all potential stas may be actualized.

From the outer (third person) perspectiveitiner states of the articon are a stream of
dynamical patterns, activation ofodules flowing from one quastable pattern to another.

Some of these states are images, some asywand some are sensorimotor actions, forming
“mind objects” that interact, dieing events in the inner space (Duch, 1997). Combined activ-
ity of a few modules is sufficient to recall patte of excitations stored in the long term

memory, reinstating similar patterns of global activity of the articon as those that were present

in the moment of actual observation, whea $iystem had learned them. Working memory



contains those activity patterns that won the competition at a given moment, a subset of the
global dynamical state of the system. Usualfgwa long term memory modules are strongly
active (resonating) at a given moment, contiiiguto the working memory. The global dy-
namical state includes the state of all subsys{gmshe whole organism, not only the brain).

Note that resonant states in the workingmory are spatio-temporal, defined in four-
dimensional space-time. A fragment of music recaliefblds as a series of states in working
memory, each state “dressed” in associationsnonies, with motor or action components, in
one dynamical flow. Internal state of the articon is constantly evolving, therefore every time
the same fragment of music is recalled thes®e@ations may be slightly different. Compare
the flow of spatio-temporal patteexcitations in articon with information processing in the
Turing machine. Instead of a dynamic flowsbd on associations, in the Turing machine the
internal state is changed by a program according to some instructions. Registers in Turing
machines are “dead,” abstract binary entitighout spatio-temporal structure. Articons are
not only data flow machines, biéve specific architecture thdue to the non-linear character
of interactions among modules create workingrnoey states that cannot be decomposed into
separate, independent components.

The “narrative interpreter module” has ags¢o the articon working memory states
and the ability to recognize and symbolicallggathem. In the brain this module (or a num-
ber of modules, composing the language arsaspde from cortical columns, but in the
model presented here it is iggant. Working memory states are composed from physical
patterns, specific resonance activities of subsietsodules, yet they are intentional, corre-
sponding to “something out there,” because theye been learned from sensory data. Rela-
tions between working memory states have intrinsic semantics, reflecting relations between
the states of the articon’s environment andilegtb specific actions (external motor actions
or new internal states). The interpreter tells the narrative story, symbolically labeling the
working memory states, objects and their relatioeady to report the inner states of the
articon to the external world. Of course such repoapture the internal states only in a rough
way, because it is impossible to capture ichness of the flow of continuous non-

decomposable internal states in discretelsys) but such is the nature of language.

The Rat Example

Imagine a rat that has found a new food.tRhe rat will smell and taste a bit of the
food. Then in a fraction of a second the rattoagecide whether to swallow it or to spit it



out. A query is sent to the long term membipm the gustatory cortex (not unlike the “re-

guest for comments” send in the Internet neaspgs) and the most relevant previous experi-
ence of the rat should be recalledng term memory is distributed; the whole brain has to be
searched for associations with the content efpéarticular pattern created by the input infor-
mation. Some cortical columns of the gustatytex resonate contributing to the working
memory states that are available to all modurdke rat’s brain. Working memory is small, it
can hold just a few patterns (about 7£2 in humanhisg¢ small size of the working memory in

the rat allows it to focus on a single task. Resonant states are formed activating relevant mem-
ory traces and the answer appears: bad adswtws! probably poisordpit! Perception serves
action: to remember the episode in the fu{type of food, its smell, the place) brain centers
that control emotional reactions of the rat release specific neurotransmitters, increasing plas-
ticity of the neocortex. In adlibn, a strong physiological reaction starts, cleaning the organ-
ism of poison. All this leads to a “system rea” of the whole organism, creating various
sensory inputs (including internal, propriptge and hypothalamic inputs from blood chem-
istry sensors), that at the working memtayel, form rather unique patterns.

If the rat could comment on this episode, wivauld it say? And if the rat’s brain was
replaced by an articon controlling the rat’s podnd the articon was trained using rat’s ex-
periences, with articon’s abyito comment upon its working memory state, what would the
“comment” be? Would the rat (or articon) tastaiaghe same food? Seeing it, the repulsive
episode would be partially restated in its brain. Obvioustiie rat has different “feelings”
for different tastes. These feelings are real, jglaystates of the bnaj due to specific brain
activation patterns that — throughsociations — lead to differesattions and states of the or-
ganism. Articons, rats and hunsamave something in common that distinguishes them from
computers: qualia, or the difference between egpkerienced inner st and mere informa-
tion processing. The streamtbkir inner states and associations they bring may be com-
mented upon in many ways. “This red is awful, it reminds me of blood ... and that is a nice
red bag, it fits so well to my skirt ... and tlparticular red | have never seen and it has a spe-
cial feel to it.” Withoutreference to memory it will be impsible to distinguish between feel-
ings (internal states in general) associated with seeing particular colors and those coming
from different senses. Qualia or phenomenal experiences, independent of cognitive mecha-
nisms, are philosophical fiction.

Comments that articons will make are not just a result of information processing,
something that a computer mindlessly repeats instructed by the program, but are comments on

physically existing states. Articons build on the brain-like computing principles will have to



claim qualia, inner life and coa®usness. Creating articon systems of increasing complexity
in the limit all subtle responses and featilknown from human psychology may be pro-
duced. Interacting with such complex articond abserving their inner life we should be able
to distinguish “the real thing” from a ngputer simulation programmed to respond in the

same way.

L earning New SkKills

Learning new skills over a period of timmevolves a shift from initially conscious ac-
tivity, engaging large brain areas, to the final subconscious, intuitive, automatic actions that
engage only a few well-localized, specializedibrcenters. Skill learning expressed in terms
of diminishing conscious control seems to be a rather mysterious process. How does it pro-
ceed in the articon that controls a robot bodgamne other device? The task to be learned
must recruit a number of modulésat can control the effectors, correlate their activity with
activation of the sensory modules, and complagaesult with the desid (or imagined) one.
This may require retraining of existing sensator maps, or formation of new modules for
prototype actions, tuned during further learningwiih all complex tasks the results have to
be present in the working memory.

A feedback loop — commonly called “thertscious monitoring” loop — is necessary
for learning of a skill. Learning using réamcement techniques (Sutton and Burto, 1998) re-
quires observing and evaluating how successtithe actions that the articon has planned
and is executing. Sensory observations carry gutilures are interpreted as painful, and
should be remembered as an episode. This alloe/sesonant processes to use the experience
from failures in the next trial. The moments of failure are especially rich in qualia, and the
system is aware of such moments, comimgrupon them and remembering them. Real
brains learn changing the strength of syitaponnections (corticgllasticity). Articon mod-
ules learn regulating the amount of new verddsknowledge, changing the level of activity
of specific modules recruited for the taBlelating current performance to memorized epi-
sodes of recent performance requires bringlhgekevant observation®gether, as well as
evaluation and comparison of the informatemilected in the working memory. Evaluation
has both cognitive and affective components, teanmal reactions that provide reinforcement
for learning (in the brain frequently via dopamine release), facilitating rapid learning of spe-

cialized neural modules.
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There is no transfer from conscious to subcanss processing; this division is simply
a bad conceptualization. Expectations that m#te observations slowly begin to loose the
competition and do not make it to the working memory, becoming “subconscious.” Only a
few specialized modules thatmihe adaptive resonance competition are left to control the

task, and further fine-tuning (learning) proceeds at a much slower pace.

Qualiain Articons

Are the qualia in articons real? As realitagets, to use a popular expression; qualia
are quasi-stable patterns of phgsiexcitations of brain neurtiksue, created by specific cog-
nitive processes, capturing the brain/body reactiorssimuli or to the internal states preced-
ing them. This is in fact an old idea and ampail theories of qualia only those based on such
understanding of qualia haveade steady progress in explag the details of human experi-
ence. Emotions are connected with strondigul 1911 the surgeon George Crile, speaking
about emotions to the American Philosophfgatiety (Crile, 1911/1998, chapter 3) made the
following claims: “...it is possible to elicit the emotion of fear only in those animals that util-
ize a motor mechanism in defense against daorg@rescape from it.” In fear “the functions
of the brain are wholly suspended except thaisieh relate to the self-protective response
against the feared object”; and “we fear not inloearts alone, not in our brains alone, not in
our viscera alone — fear influences evenyaor and tissue.” Crile (1911/1998, chapter 3) gives
an interesting analogy here: “An animal under the stimulus of fear may be likened to an auto-
mobile with the clutch thrown out but whose em®is racing at full speed.” Of course such a
state of the organism is reflected in a spedifiain activation pattar and has a unique “feel”
to it that is expressed in interpretive commentaries of the system.

Crile (1911/1998, chapter 4) also stated “Wetplage that pain is one of the phenom-
ena which result from a stimulation to mototiaec.” Our internal organs cannot send us
symbols informing, for example, “your left tbas just been cut by a sharp stone.” The only
way to pass information requiring attention is to bring it to the working memory level, where
it appears as a specific excitation pattern disrupting other activities and demanding immediate
action. Since the required action usually goes béywimple reflex what is called for is the
highest-level control with access to all braesources. How would pain look like without
cognitive interpretation? We would not know whénes, what it is, and how to react to it, so
the qualia associated with it would be very déf&. This is what happens in pain asymbolia

(Ramachandran, 1999), resulting from lesionthefsecondary somatosensory cortex that
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specialize in giving meaning to tactile sensory signals. Other examples of wrong cognitive
interpretations of the brain data aceifd in unilateral negtt and phantom limbs
(Ramachandran, 1999).

Phenomenology of pain shows clearly how cognitive mechanisms determine the
gualia. Placebo can be as effective as powerkestetics. Most people experience pain as
something unpleasant but masochists find pleaauteFull intensive concentration on actual
experience of pain may change qualia completely. Causalgia is a post-injury blazing pain
condition that may be initiated lguch, noise or anything else. Analysis of this and other
pain conditions shows that without cognitiméerpretation there amo pain qualia (as no-
ticed by Beecher, 1946, investigating woundedisaddl. Without prioprioceptive information
people are not even conscious of their own motor actions (Fourneret, Paillard, Lamarre, Cole,
and Jeannerod, 2002).

Perceptual learning (Gaffan, 1966) enhartbesability to experience qualia through
training. Better memory for sensory stimulatedfows for more subtle discrimination, chang-
ing our phenomenal experience and bringing gawalia. This is true for vision, hearing, taste
and all other senses. Try to put a puzzle f@fvathousand pieces together and you will notice
how this enriches perception of shapes andrseldhat is it enriches qualia. New qualia are
also experienced in dreams. Interpretation ofrbséates is clearly based on memory traces.

If for some reason cognitive mechanisms used for interpretation of the brain states
stop working experience will vanish. In padiar, habituation, intesive concentration on
some stimuli, or shifting of attention may remove qualia associated with the experience. A
good example is the segmeita of visual stimuli from a background — qualia may arise
only if a correct interpretation of the stimidimade, otherwise one may look without notic-
ing quite large objects or significant changesne’s environment (cf. O’'Regan and Noe,
2001). Because memory referenees involved in cognitive terpretation qualia are influ-
enced by drugs acting on memory. In caseovkrt perception, for exnple in blindsight
(Weiskrantz, 1997), cortical strtures that provide appropriatpresentations for discrimina-
tion are damaged and thus visual qualia alsiwsta Such damage leads to a serious impair-
ment of behavioral competence. Information available in the brain is still sufficient to make
partially correct decisions but this inforn@tienters global brain neodynamics in a quite
different way than information from the visuartex, therefore different qualia are felt.

The feeling of laughter may also be undeos as interpretation of system’s reaction.
Electrical stimulation in the amier part of the human supplemtary motor area (SMA) can

elicit the physical reaction ddughter, and this is followed mpgnitive interpretation leading
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to a feeling of laughter, and @v confabulations to justify (Fried, Wilson, MacDonald and
Behnke, 1998).

Qualia have different structlrproperties, matching thespecific roles. For example,
they have spatial structure in case of vistatile, temperature quain stimuli, and non-
spatial structure in case w@fste, olfaction, thoughts onagery. Words and thoughts “...are
symbolic of motor acts” (Crile, 1911/1998, chaptgrtherefore they also may have certain
guality to them, although it is felt stronger thyppse who experience synesthesia, where not
only motor, but also sensory areas amaw@ated by symbolic thought patterns.

It seems very doubtful that any other underdiag of qualia may explain all that cog-
nitive science and neuroscience have uncovapedt the conditions (why and when) and the
way qualia are experienced and structured. Anichave no choice but to claim that they

experience qualia. Are there any arguments to refute their claims?

Chinese Room

The Turing test based on a dialog witbamnputer program, or in general any test
based on external observationseémingly intelligent behavior, may fool us to believe that
“there is someone in there.” An expert systédmt is an Al program that receives an input,
analyzes it, finds matching rules andgwces outputs, obviously has no inner life, no
thoughts buzzing in its mind, it is just a seréprogram steps executed on computer hard-
ware. Results obtained with the expert sgstechnology may impress some people, but no
matter how smart it may look from oudsi there is nothing inside.

The Chinese roorargument of John Searle (1980, 19B4the most famous critique
of the Turing test. Searle assumes that certain brain processes are sufficient for intentionality,
but that “instantiating a computer programmever by itself a sufficient condition of inten-
tionality” (Searl, 1980, p. 417). To prove that tlighe case he shows that “a human agent
could instantiate the prograamd still not have #arelevant intentinality” (Searl, 1980, p.
417). In his Gedankenexperimdrd imagines himself being locked in the room and given a
large batch of Chinese writing. He does not kri@wnese, therefore these writings are to him
only meaningless squiggles. In addition to the Chinese writings he is given a set of rules in
English, enabling him to identify the Chinese characters received through the input window
by their shapes and to correlate them with other Chinese characters using the batch of writing
at his disposal. The results are then passed to the Chinese-speaking people outside of the
room, who consider them to be the answers to their questions.
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Searle being inside the room obviousledmot understand the meaning of questions
given to him in Chinese, nor does he undethie meaning of the answers that he gives
back using the rule book written in English toretate characters. Heets as a computer pro-
gram, blindly following instructions. The peopatside may be perfectly convinced that they
deal with someone who understis them although there is no understanding inside the room.
Programs for natural language analysis instantiated on computers simply follow instructions
without any intentionality or understanding. Thgitest based on external observations of
behavior is not sufficient to grant uerdtanding to an artificial system.

Can this argument be used to refutenskathat an articon has real understanding and
Is conscious of its states? There is a vasglitee criticizing or suppting Searle claims, but
somehow the most important issues have Ibeiseed. First, the Chinese room argument is
not a test — the outcome is always negativesiddd, a feeling “I understand” is confused here
with real operational understding. Third, the conditions under which human observer could
recognize that an artificial system (or anmlerain) understands have not been discussed.

Consider the first issue: under which citioesh the Chinese room experiment could
grant any system real understanding? For exanepluld a person placed in a human brain to
watch neural processes there find any sgnsderstanding? Already Leibnitz in ho-
nadology (1714/1982, par. 17) stated: “Supposing thate were a machine whose structure
produced thought, sensation, and perception, walamriceive of it as increased in size with
the same proportions until one waseato enter into its interior, as he would into a mill. Now,
on going into it he would find only pieces warg upon one another, but never would he find
anything to explain perception”. Seadencludes (1980, 1984) that “brain processese
conscious processes”, but wiait about the brain that gives us genuine understanding? His
solution is that neurons must have some en@iis “intentional powset' that computer ele-
ments do not have. From this point of view even a detailed simulation of all neurons will not
be sufficient. Imagine that in a distant future a robot with a brain identical to the human brain
will be created; according to Searle no mdtawv human-like the robot will be there will be
no understanding in the robot’s brain due tol#toi of “intentional powers” of its electronic
elements. It is quite likely that brain prosthesit be mounted in human brains in the not so
distant future: will these people lose their intentional powers?

These conclusions seem absurd. The args@mple shows that it is the organization
of the system, rather than the elementary which is important. Bilogical properties and
functions of complex organisms emerge fromriatéions of their cells, not from some special

properties of elementary unitBhe Turing test is an importastep, a necessary, although
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insufficient, condition to grant a system gemiunderstanding. The Chinese room experi-
ment fails to tell us anything about the inmeorld of the system under observation. This ex-
periment will never find undetanding in any system,té#fcial or biological.

The second problem with the Chinese roomesinent is the lack of discussion what
does it mean “to understand”? This issue is ncoraplex than it seems. Searle contends that
he understands English but does understand a word of Chinese. We usually intuitively
know when we understand, although sometimesayg be wrong about it. What exactly is
this feeling of understanding? Gopnik (1998) agthat explanation should be thought of as
the phenomenological mark of the operatiothef theory-formation system in the brain, and
that finding an explanation lesdo a reward, felt as satisfaction. Language is the most com-
plex function of the brain anttakes time to understd a sentence, especially if it is long
and has compound structure. The brain needsttirparse sentences and has to signal when
it is ready to proceed further. This signalesagnized as the feeling “l understand” meaning,
among other things, that | am ready to recem@e information. | understand if | am able to
relate new information to the contextual knoside that | already have, knowledge that is
finally grounded in my perceptions and actions.

On the other hand, understanding impliesability to answer questions requiring
simple inferences. The brain is not always eorrin generating the “got it”, or understanding
signal, as everyone knows from introspectiorm8alrugs or mental practices induce the illu-
sion of understanding everything, so that #xeihg is there but the ability to give correct
answers is not (Terrill, 1962). B@times the feeling is hardly there, understanding gets more
and more fuzzy, and additional gtiens are asked to clarify the meaning. There may be even
no feeling of understanding, but correct answeay be given, indicating that the person in
fact understands. Identification ohderstanding with some innfeelings may be as mislead-
ing as granting it to the Al computer prograhie Turing test checks for understanding by
asking questions, not by looking for the signge&ling of understanding. A person inside the
Chinese room may finally start to understanehe@uestions and answers as we might under-
stand a foreigner gesturing with his hands. f@eling of understandinig an additional brain
signal that is not necessary for genuine understanding.

What are then the sufficient conditiotmsrecognize understanding in other minds?
Learning of behavior in monkeys and humaniargely based on imitation. This is possible
because in our prefrontal cortex we hamerfor neurons” that rggnd to specific actions
performed both by oneself and to observed act@nformed by others (Carey, 1996). This is

the bridge between two minds, allowing for intuitive and direct communication based on ob-
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servation and common brain structures. Wewatterstand only the systems that have minds
of similar structure to ours, by “resonating” with such minds, trying to assume similar dy-
namical states. A way to create such resoadetween minds is through language-based
communication and observation of other peapheEhavior. The Chinese room experiment
does not try to discover if there is an underdtag mind inside the room and thus it does not
teach us anything about the mind of artifiggstems, refusing to attribute “genuine under-
standing” to machines as well as to humans. How can we know that Searle’s neurons still
have their “intentional powers™? How can wé tehether an alien from Andromeda is a robot
or is a real, intentional being? If we could g#b resonance with thalien’s brain perhaps we
could recognize if there are genuine images, thaugihd emotions arising there, or just blank

“wait states,” and “run the instrtion” in response to questions.

Cognitive Resonance

Although the Chinese room argument is flawed it may be twisted a bit to show that an
articon really understands. Learning in natural environments articons will behave in an indi-
vidual, unique way, with exponentially large nummsef potentially accessible internal states.
There is no set of rules that can reproduceatmamics of such a system. Suppose that some
articon has learned to answer sfiens in Chinese and that you can observe its working mem-
ory, receiving all information that appeareté in form of iconic images (perhaps less ab-
stract than Chinese characters). Your irdtam book contains explanations of all incoming
patterns, referring it back to the observatitha contributed to creation of such memory
states. You see the whirling of thoughts andgesain the working memory, the flow of asso-
ciative processes leading to answers. This iatwbu would see also in other people’s brains
if we knew how to convert EEG or MEG pattemnt a combination of internal representa-
tions that gave rise to these specific activatiamsl to refer those representations to external
observations.

Watching the inner states of articon’s wiak memory your brain may start to “reso-
nate” with the flow of some of the observed patterns and you will develop the feeling that you
understand what the conversation is about. Yoy maae a glimpse of the first-person view
of the articon’s internal world projected intowr world. It is impossible to enter fully some-
one else’s internal world, to have identieaperience of “what it iBke to be someone or

something else.” We always see the world through the filter of our own brain, states that it
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supports, memories and associations thatrit@ming information elicits. Although the dif-
ference between real brains and articon systeay be large, some mutual understanding
should be possible. If the articon passes thenfuest, and if it also passes the “resonance
test,” there will be no reason to reject itswia of genuine understanding, experiencing qualia
and being conscious of theW of its processes.

The Adaptive Resonance Theory (Grossb28§0) describes some brain states and
mental phenomena in termsrekonant states between theracting brain modules. The
ability to understand emotions of other peopleds to emotional resonance (Ekman, Campos,
Davidson, and De Waals, 2003), that is, sharindirectly understanding of other people’s
emotional states. Two or morepseate brains may also be in resonance although there is no
direct physical coupling between their neurantgractions via speech and visual channels
may be sufficiently strong toreate such states. Although ttencept of cognitive resonance
has not yet been widely adopted and inves#id the brain mechanism behind it should be
similar as in the adaptive resonance states within the brain. On the psychological level cogni-
tive resonance may manifest itself as a feaetihgerfect understanding of each other’'s minds,
a rare situation that happens when closmtfis or collaborators understand each other per-
fectly during a discussion.

To be a bit more technical, the necesgamydition for such resonance is defined as
follows: dynamics of both brains; BB, should admit attractors;Aand A, with similar rela-
tional structure A~ Ay in respect to other attractors in,Bs A ~ Ay has in the brain B An
approximate correspondence between these stalesh brains should be established. The
two brain states A A, do not have to be similar, but the structure of the netwerkifd Ay
and transitions between states within each nétwbould be roughly similar. If, as a result of
their interaction, both brairere in dynamical states;A A, a cognitive resonance of minds
may occur and experiential understanding betwieem is established. We are able to share
such mind states to a high degree with our famiémbers, with other members of the same
culture, and to a somewhat lesser degree mémbers of different cultures and to a lesser
degree with animals, because not only are theidmformed by very different environments,
but also their brains and theienses are physically differe@omputers are incapable of any
experiential understanding of hunsaibut articons may be abledohieve some level of ex-
periential understanding.

Can we understand what is it like to be soneeelse? There are at least two kinds of
understanding: intellectual andpeeriential. Intellectual understanding, involving mostly fron-

tal and temporal lobes, is$@d on models of the worlehé communication with others on
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that basis. This is what can be capturedrtilects, or even expert systems to a large (al-
though not perfect) degree. Experiential underditag, engaging mostly the limbic system

and sensory cortices, is based on sharing thiedseof our family, friends and other people,
and it requires certain emotiorald cognitive resonance between brain states responsible for
the contents of these minds.

There is something it is like to be a bat and something it is like to be a man, since “to
be” means to be a flow of miredates produced by the brain of a bat or of a man, implying a
subjective view. Intellectual undéasding requires an objectivexternal description and one
is not reducible to the other. To know what iike to be a bat for a bat requires a bat'’s brain;
a human brain is not sufficient. Neverthelessidy detailed descriptin of a bat’s internal
states may be formed, and some intelleatualerstanding achieved through modeling of a
bat’'s behavior. When we find antiaular state of the brain weay infer that a particular ex-
perience, whatever that might be for a bataselated with it. Since humans share several
needs with bats, such as the need for food and sleep, drawing on our own experiences we may
assign reasonable interpretatistasome behaviors of batdagel (1974) himself admits that
perhaps all robots complex enough to beHéeea person would have phenomenal experi-
ence. His main objection is not to physicalism itself, but rather to the lack of the beginnings of
a conception of how the above statement mighitu®e This is precisely what | have tried to
show here, although it is not just the compigxbut the specific organization of the robot’s
brain that is important.

Another well-known thought expenent concerns Mary, the colorblind neuroscientist,
who gains color vision and learns first-hammbat red color (Jackson, 1982). There are inner
facts that are beyond the physical facts, batcbnclusion that physicalism is false because
knowing everything about neuroscience doesmepty knowledge about qualia, and is pre-
mature. Dennett's (1996) solutimnto deny the problem by claiming that to know everything
means to be able to correlate the qualia Wthin states. In his veon of the experiment
Mary is presented with bright blue banana and immediately recognizes that fact (perhaps with
access to the maps of activity of the V4 visaiada it could be done ew today). Dennett con-
cludes that the story does not prove that May learned anything new. She has not learned
anything new only in the sense of verbal, liet#ual learning, but certainly her brain, stimu-
lated for the first time by color light, assumes a new dynamical state, so this state must be
interpreted internally as a new phenomenglegience. Her previous knowledge was abstract,
symbolic, engaging temporal and frontal lobe$y, not occipital cortex. There is no great

mystery in the fact that new brain states are experienced as mind events having new qualities.
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People that are born blind and gain their sajtér adulthood certainly learn quite a lot, and it
helps them little if they have great intellectual knowledge of geometry. Inner life is real, al-
though it is in a way “a shadow” of neatynamics (Duch, 1997Articons support similar

flow of inner states aeal brains and seetm be immune to philosoptal critique that applies

to computers.

Conclusion

Instead of trying to define consciousnébsive tried to show that articon systems
based on brain-like computing principles will not only have inner life, but will also claim to
have qualia and will cle to be conscious of them. | hapeposed minimal architecture of a
system called articon that will have to make such claims. Claims of qualia are based on inter-
pretation of real, physicalaes supporting working memory of such systems. These continu-
ous dynamical states differ in a fundamental way from states of a Turing machine by includ-
ing potential associations through peripheral $dneg” components that lead to subtle varia-
tion of the interpretation of the meaning oé tstate. The articon will recognize these differ-
ences as different feelings, or quassociated with the perceived object.

Such understanding of qualia is in agreetwath a large body of data from cognitive
science. The inner states in articon systems may have properties that come arbitrarily close to
the properties of phenomenological states. Tow 6f the inner states is controlled by asso-
ciative properties of memory, and only in undstiecumstances (corresponding to mental
illness or intoxication) will inner experiencsegnificantly deviate from those in normal,
awake states. Associative memory models capable of hallucinations resulting from formation
of spurious memory states are usefuteamputational psychiatry (Reggia, Ruppin, and
Berndt, 1996).

Taylor (1998) has described in some dékee possible neural underpinning of phe-
nomenal experience characterized in terms of transparency, presence, unity, intentionality and
perspective. Qualia in articons can haveddmme properties as humanalia, provided that
organizational principles of infmation processing in the artificial system are sufficiently
similar to that of human brains. Claims of aare a necessary consequence of brain-like
organization of computations, particular the ability to comment upon physical states of the
architecture carrying out these computations. These qualia may have a wide range of struc-

tural properties, depending on the complexityhef artificial system, its sensors, modalities,
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the grounding of its concepts via perceptual learning, and the ability to discriminate and com-
ment on different states of its working memory.

Because artificial systems will never be identical with biological systems, providing
only a rough functional approxirtian to brain-like organizatiortheir qualia will be different
than ours. The same is true for people waitnormal or damaged brains, or for animals. The
word “pain” describes rather different reacis of organisms across different species. Pain
will obviously be rather differerfor artificial systems capable efistaining an internal state
with pain-like characteristics that result, Bstample, from temperature sensor overheating.
Burned sensors may send signals disturbing abfiow of inner states, demanding attention
at the highest “conscious” control level. An articon will report the disruption as pain and
complain about it until thdamage is repaired.

There is a growing consensus that the real grounding of the meaning of words is in
sensorimotor actions (Harnad, 200Bgrhaps similar consensus will slowly grow for the idea
that qualia are physical states of the brainiskfantz (1997) analyzed blindsight and amne-
sia patients and came to the conclusionttiaibility to render a parallel acknowledged
commentary is indispensable for consciousngssilar conclusions are drawn from the work
with deafferented patients (FourneretillRed, Lamarre, Coleand Jeannerod, 2002).

Are articons kinds of computers? Yes, ie 8ame sense that physical processes are
kinds of computations, for exangplif one agrees that gravitational forces in the solar system
solve the N-body problem. Rules and compatatiare not good replacements for real physi-
cal states of brain/body. Clasal logic and discrete symbols are not a good way to approxi-
mate continuous brain states. There is no wagpoesent accurately the states of a dynamical
system by logical rules — any approximatiorexperiential understaing based on expert
systems shuffling symbols is not likely to cenge to similar behavior and to reach a high
level of competence.

Can articons be implemented using todayardware? No, if the von Neumann archi-
tecture of ordinary computersused. They are much closer to the data flow computer archi-
tectures that have proved to be very diffitaltreate. Construction of the articon system is
much more difficult than construction of a ridlased expert system. The data flow in the
SOAR architecture (Newell, 198i5) somewhat similar to the dataw in the articon, and the
development of SOAR in the forof a rule-based expert systamows what can be achieved
in artificial intelligence at the symbolic level. Yet processing of expert system rules does not
lead to processor states with qualia charaatiesi. Sustained, dynamical internal states of

sufficiently rich relational structure are the first step towards physical realization of articons.
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An open question is to what extent digiethnology can imitate sughocesses. Steps in

right directions have already been maddHaykonen (2003), who looked for consciousness

in winner-takes-all associative memory diits, and Holland and Goodman (2003), who con-
centrated on robots with internal models. Silicondels of analog neurons already exist, ca-
pable of sustaining dynamicabsts, and they may be used as the building blocks of articons.

It remains to be seen whether thersamething more about the phenomenal experi-
ence that is left to be explained. Scientdiscussions on conscimess should be based on
careful observations and critical evaluation of ouer experience. This is usually not the
case, since almost everybody makes casual vdisans of his/her own state of mind. A few
recent exceptions include the neurophenomenabtdy/arela (1996; see also Shanon, 1998;
Shear, 1997), and the ancient Indian philosophy, especially Buddhist philosophy, based on
introspection and critical reflection (Novak996). In Theravada Buddhist philosophy mind
and body are on equal footing. When the mindigduow to focus attention it sees that “all
skandhas are empty,” as one reads irHest Sutra (Conze, 1978), a text written more than
sixteen centuries ago. Five skandhas, or mutealhgitioning factorsinclude physical body,
sensations, perceptions, impulses (dispositiaralencies) and conscisness. “Feeling, per-
ception, volition, even consciousness itself’za called empty because they do not have
permanent, independent existeneeerything arises as acth@ns of brain modules. If we
really look deeply everything in our mind andtive material world is constantly changing
(impermanent) and is mutually dependent, evengtls a flow of dynamical states sustained
by activations of memory.

Associative memory and various neural structures shape the potentially accessible s-
tates of inner world, forming minds. Brain preses should be understood as the substrate of
the inner world, in which mind contents améhd events are shadows of neurodynamics
(Duch, 1997). Relations between mind eventsnatecaused by the brain, but by the history
of the individual, by environmental factonsdasocial context reflected in memory. This
agrees with contextual coengence in biocognitive epistemology of Martinez (2001). Psy-
chological processes admit more fruitful analysminds are considered on their own foot-
ing. Minds of articons, systems based on the brain-like computing principles, will emerge

through developmental processes with alancharacteristics, including consciousness.
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