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Abstract The origin and development of consciousnessdaslpaoinderstood. Although it is clearly a
naturalistic phenomenon evolved through Darwinimion, explaining it in terms of
physicochemical, neural, or symbolic mechanismsareselusive. Here | propose that two steps had
to be taken in its evolution. First, living systeawolved an intrinsic goal-directedness by inteniag)
Darwinian fitness as a self-estimated fitness. dieestimated fithess participates in a feedbaok |
that effectively produces intrinsic meaning in grganism. Second, animals with advanced nervous
systems evolved a special form of communicationriadifies the way each partner estimates fitness.
The resulting change in intrinsic meaning is exgered subjectively as a primary form of
consciousness. This primary form is subsequentd ts generate, partly through internalized
dialogue, more complex forms of consciousness, asatonsciousness of the natural and social
worlds, consciousness of the self, and languagerdigmnt forms of consciousness.

Keywords Self-estimated fithessEvolution- Active causation Intrinsic meaning Dialogue:
Subjective experienceConsciousnessLanguage

I ntroduction

Human behaviour is often accompanied by a subgctionscious experience. There are strong
indications that such experiences also occur, tgivg degrees, in many animal species. The physical
origin of this phenomenon is not understood: ther®thing in basic physics and chemistry that
points to the existence of consciousness. It apgeadrave evolved fairly recently in evolution,
because it presumably occurs only in animals witinglex nervous systems.

Here | will argue that its roots lie much earlieravolution, as an extension of the basic
Darwinian evolution scheme. The extension mixesrmahistic and stochastic (random) forms of
causation in a fitness-driven feedback loop. Tlseltés an internalization of Darwinian fitness,
leading to value and meaning intrinsic to the oigran The more recent development of animals with
sophisticated nervous systems enabled a form ofzonication where this intrinsic meaning is,
effectively, exchanged between animals. It is psggiohere that the modification of intrinsic meaning
as required during such forms of communicatiomacisompanied by a subjective experience in the
animal. The theory is extended, in a fairly stréfigtward way, to forms of consciousness that do not
require communication between two animals, but pegthin a single animal.

The theory is strictly naturalistic, requiring orgown physical components and mechanisms.
The new properties, intrinsic meaning and consciess, simply emerge from the rather special
properties of the extended Darwinian evolutionagchanism in combination with a particular mix of
deterministic and stochastic causation. The arfideexplains the basic theory and its applicatio
various forms of consciousness, then discussasitieof consciousness that it implies, and finally
discusses its relationship with several other tlesarf consciousness.

Theory

The theory presented here consists of a serigejd,ssome of which have been presented in more
detail elsewhere. An overview and a computationalysis can be found in van Hateren (2014a) and
an analysis of active causation as a fundamendglepty of life in van Hateren (2013). The
consequences of the theory for agency and freeavélanalysed in van Hateren (2014c), which also
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Fig. 1 Origin of intrinsic meaning and consciousnes} Oeterministic causation, where a system variable
or property (‘signal’) is caused by (left arrow)@auses (right arrow) other signals) §tochastic causation,
initiating new causal chains;)(modulated stochastic causation, where a non-ivegdgterministic signal
modulates the variance of a stochastic siglmodulated stochastic causation (arrows 1-3 as
corresponding toc]) participates in a feedback lodpwvhere the organism uses an estinfatef the true
Darwinian fitnesdyue to generate behavioural variability. The resutiéhavioural freedom and an intrinsic
goal-directedness in the organism, implying infdmaeaning; €) communication between two animals
comes in three basic forms, either evaluated dyrétatoughfiue (instrumental), indirectly througfas:
(meaningful), or aimed at changing the fornfgf(formative). The resulting change in intrinsic migg is
conjectured to be experienced subjectively as ¢onspess by the animal
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includes a succinct discussion of consciousneswrder to keep the present article self-contaihed,
will first summarize the theory as it applies toroounication between animals, and subsequently
present the more detailed material with respecbtwsciousness.

Causation and Self-Estimated Fitness

Figure 1 gives a schematic overview of the stepditgy to an elementary form of subjective
experience. The first point that needs to be ajpgiextis that there are different forms of causatib
work in nature, as illustrated in Fig. 1a-c. Indbaliagrams, traces (called ‘signals’ below) syiaiol
system variables or properties, and arrows a caekdionship with earlier or later signals. Thesto
basic form, deterministic causation (Fig. 1a),|s®dhe standard form used in scientific explamegio
Earlier signals cause a particular signal in ardatestic, predictable way, and this signal
subsequently influences later signals similarlye Blgnal is thus part of a continuous, uninterrdpte
chain of causation, like a cog in a clockwork, whimplies that it cannot start new causal chaims. |
contrast, stochastic causation (Fig. 1b), initimes causal chains by definition, as it is not ealsy
(identifiable) earlier signals. Its statistical pesties, like mean and variance, may be knownthayt
are constant in time and therefore cannot partieipacausation. The unpredictable, individual
fluctuations do the causal work. Stochastic caosatan arise from thermal and quantum noise, or
from disturbances coming from outside the systensiciered (systems are never completely isolated
from their surroundings, not even from very renudéts, see e.g. Berry 1988). Although such noise
may be microscopic in origin, it can easily be afrgal to macroscopic scales if a system has
components interacting in non-linear ways (simylas in chaotic systems).

A form of causation that is midway between detersticiand stochastic causation is illustrated in
Fig. 1c. This so-called modulated stochastic causdd a key component of the theory presented
here. It consists of two steps. In the first segylier signals cause a non-negative determirsgiital
(left trace in Fig. 1c). This signal is subsequented to modulate the variance of a stochastitasig
(right trace), which then continues the causalrcidght-most arrow). The mean of the stochastic
signal remains constant, and therefore does natipate in causation. The causal work is jointly
done by a deterministic component (the varyingarare) and a stochastic component (the individual
fluctuations).

Modulated stochastic causation plays an importaletin genetic evolution, because it is a good
model for how the stress response of cells moduthir mutation rate (high stress leads to high
mutation rates and vice versa; Galhardo et al. 2664 van Hateren 2014b for the consequences for
evolutionary theory). However, it can also be edtshto behavioural variability within the lifetinod
individual organisms (van Hateren 2013; 2014al wjll concentrate on that here, because only the
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behavioural timescale is relevant for consciousrfgigsire 1d shows the basic mechanism. An
organism is embedded in a time-varying environm&hich includes other organisms. The Darwinian
fitness of the organism is defined here, in its nhasic form, as the expected number of offspriing o
the organism over its lifetime. It therefore depend survival and reproduction. In a less basimfibr
includes fitness effects through related organi@ush as kin selection) and can involve organisms
with shared interests (such as effectuated threoglal and cultural mechanisms). Note that fitness
defined here in a predictive, probabilistic se@sea continuously updated expectation value, aisd it
therefore a function of time. It might fluctuater £xample declining when the organism gets
seriously ill, and rising again if the organismaeers and flourishes thereafter.

Keeping fitnessf(ue in Fig. 1d) high is a prerequisite for Darwiniarokition. Previous selection
must therefore have produced mechanisms in thenisrgathat can be expected to promote fitness, at
least on average. Such mechanisms may code difectyitable properties and behaviours of the
organism, or code for properties and strategigsail@w it to learn during its lifetime and thereby
acquire fitness promoting behaviours, again onlpaeerage. Either way, the form of causation is
primarily deterministic. However, often the consexces of behaviour are not known in advance,
where known is meant in a probabilistic way, aggpectation based on genetic memory established
by natural selection in the past, or on physiolaband neural memory established by the
conseqguences of previous behaviour. With unknowseguences, the question is then how much
behavioural variability is optimal. In van Hater@914a) it is argued that, similarly to the way
mutation rates depend on cellular stress (whighvisrsely related to fitness), behavioural varigpil
should also be driven by fitness. When currenefitnis high, behaviour is presumably adequate, and
it should not change much (low variability), juditde to allow for the possibility to find a betiaur
that is even better. When current fitness is loshdviour is presumably inadequate, and large clsange
in behaviour (high variability) are necessary iderto avoid the (potentially lethal) consequerafes
continued low fitness. Behaviour needs to be vatigi a behaviour is found that produces higher
fithess, upon which variability can be lowered. Mbdalculations (van Hateren 2014a) indicate that
this is indeed an evolvable mechanism.

A problem with this scheme is that fitness itsklk, is not available to the organism. It cannot be
observed directly, and to determine it would regairdetailed simulation of the organism and its
interaction with its environment, including otheganisms. Such a simulation is clearly out of reach
for the organism. However, what it can do is to enak approximate estimatef its own fitnesstes;
and use that to drive its behavioural variabilitiie estimate can make use of a large range of
indicators the organism could have about itselfhsas its physiological state, and its environmenta
conditions. For example, low fitness associateth ait internal lack of nutrients can be inferredrfro
internal state variables, and the presence or abs#mutrients in the environment can be assessed
through the organism's senses. The self-made dinggmnate is assumed to be present only impljcitly
represented in a distributed way throughout thamisgm's physiology and nervous system. The way it
affects behaviour will be similarly diffuse. Althghifes:can only approximati.e, the better the
approximation, the better it can increase fitnésg estimate is therefore under Darwinian selection
pressure to be as closefte as possible given the constraints and means artanism.

The loop marked\ in Fig. 1d shows this scheme. It is a feedback lee., with cyclical
causation), running through the organism. A comtiraly updateds: drives behavioural variability,
with variability roughly inversely related ts: This relationship is symbolized by ~f34; although its
actual form may be more complicated and is alsgestibo Darwinian selection. The causation in this
loop conforms to the modulated stochastic causatidfig. 1¢ (see corresponding arrows marked 1-3;
strictly speaking the left trace in Fig. 1c cormasgs to 1fes, not tofes). Only the variance of the
behaviour should be modulated, not the mean, bedhespart of the behaviour driven by this process
is the part for which the fitness consequencesiar&nown. Behavioural change should therefore be
undirected, i.e., not into one particular directiather than another (on average). The directetdopar

1 The term ‘estimate’ is used here in the theorktteahnical sense as in estimation theory. It fafdrs to a
variable that approximates another variable. Nlwé¢ it is devoid of any deliberateness by the asganit is just
present in its physiology. Also note that it isim way related to the estimates that a scientightwant to
make of the true fitness. The latter is part ohdacience, whereas the organism's estimate iopibst
biological functioning, independent of whether thare scientists or not.

3



behavioural change is under control of the gerattlearned mechanisms mentioned above, which
are primarily deterministic.

Active Causation and Intrinsic Meaning

The fact that modulated stochastic causation tpiddn a feedback loop that is indirectly drivgn b
Darwinian fitness (becausg: estimatedi.e) has two important consequences (van Hateren 2014a
First, it produces a form of causation for whidialve coined the term active causation. The feedback
loop produces, each time it is traversed, a bebaaichange that is mostly, but not completely
stochastic. The tiny part that is not stochastius to the fact that the variance is driverfby
However, this tiny part gradually accumulates, vetith time the loop is traversed, into a behavioura
trajectory (the sequence of subsequent behavithasjradually becomes, statistically, strongly
dependent ofes (van Hateren 2014a). The resulting behaviourgdtary is mostly stochastic in its
details, but as a whole it can only be understgothe action ofes: In other words, the behaviour as it
manifests itself on a longer timescale (many logpithroughd) is neither completely deterministic
nor completely stochastic, but driven by the orgamitself (through its estimate of its own fitneds)

is therefore an active form of causation, presugnablque to living systems (van Hateren 2013).
Effectively, it provides the organism with some aelural freedom, i.e., an elementary form of
agency (see also Heisenberg 2009).

A second consequence of the feedback loop isttpadduces a genuine goal in the organism,
namely highfes. Whereas highfiwe cannot be seen as a genuine goal of the orgabesapse it is
merely a consequence of an external physicochemmioakss (selection against |6 in the past),
this is different foffes: The form offestis not fixed, as long as its value is sufficiertlgse tofiue such
that the mechanism usig:is evolvable and evolutionary stable. The feedid@ack produces
behavioural freedom and agency, replacing the aéstic causation of processes involviag by
the active causation of processes involiggHigh fesishould therefore be viewed as a genuine goal
of the organism. The way by which the organism eata.s; signifies which internal and external
parameters the organism estimates to be imponaitsfown fithess. | have therefore coined theter
intrinsic meaning for the specific form of thg of a particular organism (van Hateren 2014a).
Meaning is used here in the general sense of imgigriificance, value, and purpose, i.e., simibaitg
use in ‘the meaning of an action’ instead of its is‘the meaning of a word'. Intrinsic meaning
should be seen as not just a theoretical construtas a genuine physical property, evolved thinoug
Darwinian evolution and only present in living sysis. It is, in principle, not different from other
genuine physical properties that only occur in makeystems with very special (dynamic) structures
such as the property of high-temperature superativity in specific materials, or the property of
some spherical objects that they can roll on aglan

The scheme of Fig. 1d is easiest to understand Wwhéas a simple, one-dimensional form,
where it drives a single behaviour and is evaluatedsimple way from the state of the environment
and the properties of the organism (see e.g. tipatational model in van Hateren 2014a). In more
realistic casedestwould have a range of different inputs, and it idaweed to drive the variability of a
range of different behaviours. Then the partiald#s effects of each input and each behavioural
output would need to be taken into account andgrtppveighted. This will quickly become
intractable in realistic cases, where the forrfipis expected to become highly complicated (with
complex dynamics involving nonlinearities and meyj@nd the number of inputs and outputs large
and interdependent. The current theory should ke primarily seen as a conceptual aid in
understanding the phenomena of meaning and corss@es, and not so much as a first step towards a
comprehensive quantitative model.

Formative Communication and Consciousness

The fact that animal behaviour is evaluated thramghforms of fithess, passively throufgh and
actively througtes, implies that there are three basic forms of comipation possible between
animals (van Hateren 2014d). The simplest comhinatof these forms are illustrated in Fig. 1e
(although in practice different forms will usuaityix with different weights and in different
combinations for each partner in the communicati@ommunication is called instrumental when it
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only involvesfy,e. It is deterministic and reflex-like, and does imwolve behavioural freedom.
Communication is called meaningful when it invol¥gs This produces some behavioural freedom,
and communication is evaluated depending on thedaffes, i.e., depending on the intrinsic
meaning of the communication to each of the pastriarcontrast tfe, festiS intrinsic to each animal,
and it is therefore in principle under its contold modifiable. This implies that there is a tHm

of communication possible, called formative. Inniative communication the very form fai;is
modified, a modifiability symbolized by the obligaerow througHes:in the lower diagram of Fig. le.
The basic idea is that changing the fornfi@tan yield fithess benefits for both partners im th
communication, for example by forming mother-infanhds in mammals, and partner bonds in
mammals and birds. It works best when there ialalesincentive for cooperation, because modifying
the form offestis inherently a rather risky operation. It caralbeised easily by other organisms, and it
will endanger the organism whéya: strays too far fronfiwe. Presumably, it can therefore only operate
in an evolutionary stable way by using a rangehefcks and balances that require a sufficiently
advanced nervous system.

The main conjecture made in this article is théofeing. The form offessembodies the intrinsic
meaning of an animal, the value it assigns tantisrhal and external state. Intrinsic meaning is a
genuine physical property, only present in liviggtems. By modifying the form d&s:during acts of
communication, a genuine physical property is timoslified. It is known from physics that changing
one physical entity may produce another, qualigdyidifferent physical entity. For example, a
changing electric field produces a magnetic figlde conjecture is, then, that modifying intrinsic
meaning originates another genuine physical phenomeconsciousness. Thus what is experienced
subjectively is associated with the change innigid meaning. Although intrinsic meaning is normall
an implicit, distributed property of the organigmarts of it need to be made explicit during acts of
formative communication. The reason is that themoi way intrinsic meaning can be transferred
directly from one organism to the other: it is ggibal phenomenon that only exists within organisms
The only way to exchange intrinsic meaning betwemnmunicating partners is therefore indirectly,
via regular physical acts of behaviour. The distigdal, implicit meaning needs to be extracted and
made explicit by the communicator, and coded shyitibphysical behaviour. The recipient needs to
perceive this physical behaviour, and translaitedt a form that can be assimilated into its own,
distributed intrinsic meaning. Presumably, subjectxperience accompanies the acts of extracting
and assimilating intrinsic meaning, which in eitbhase is expected to be modified by the very act.

Although there are many ways by which intrinsic niag may be modified through formative
communication, it is assumed here that its evahatig origin lies in pair-bonding, such as the mothe
infant bond in mammals. From this basis, more cempbrms of consciousness can be constructed
during development, as detailed in the next section

Origins of Various Forms of Consciousness

Pair-bonding seems to be the most plausible ewnlaty and developmental origin of the subjective
experience associated with formative communicatimwever, whether this is the case is ultimately
an empirical question that would need to be asdesdeture research. The ways more complex
forms of consciousness can be constructed frorbdkiE one as described in this section should
therefore primarily be seen as draft proposals.drder and specific paths presented here may be
different and more complex in actual organismsigia@n needs to work from existing material and
incrementally, and thus adds layer upon layer. Vithmbduces is often sophisticated and tortuous at
the same time. Furthermore, many of the mechanisnpgrticular the ones involving symbolic
communication, will have a strong cultural compdneadding to the complexity.

Figure 2a shows at (1) the basic pair-bond in ahimway. The double-headed arrow stands for
a dialogue (two-way, continued formative commun@gtbetween two subjects; 8nd S. As the
prototypical pair-bond | will take the human motirgiant bond, which has been particularly well
studied (e.g., Trevarthen and Aitken 2001; Reddy320In all of Fig. 2 (except for the language-
related diagrams in Fig. 2e), &ands for the infant and #®r the adult. The basic bond at (1)
produces a simple form of consciousness:jraSubjective experience of i relation to itself. At (2)
the basic bond is used to gradually acquire amriatized version of £ symbolized bys,. This
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Fig. 2 Origin of various forms of consciousness. Basic mother-infant bond (1), with the doubleoaria
dialogue (continued formative communication, imptysubjective experience) between infanaSd adult
S,. S gradually (2) internalizes;$S2), and uses an internalized dialogue ittas a source of
consciousness even wheniSabsent (3);) consciousness of the natural world arises whéecthO are
first perceived in interaction with,$%1), and $and the interaction are internalized (2), evenm@ds
absent (3); this finally results in simulated dgie with O (4) and its internalized version (%); gimilarly
as p) for a group G of individuals, leading to consa@nass of the social worldj) similarly as b) for the
self as experienced as an object of attention,tevi@ntually leading to an elementary form of self-
consciousnesseg) the first two steps are identical to) ( but in step (3) the direct dialogue-S, and the
dialogues & S; and $- S; are retained, leading to enhanced communicatis idonic (3) and symbolic
(4) dialogues about concrete objects, and find@)ysymbolic dialogues about abstract topics X. §&h¢5)
without the presence of 8nplies symbolic thought (internalized dialogudvbeen S and eithe; or S,
about X)

internal model of Sthen becomes sufficiently realistic to maintaigpartly simulated) dialogue
between $andS,, thus enabling consciousness eivBhout the presence of 83).

Although the basic pair-bond is used here to darieee complex forms of consciousness below,
it implies an even simpler form of subjective exgece. Subjective experience is assumed to
accompany any act of formative communication, eilsesender or recipient. A dialogue is not
strictly necessary, although it is expected toansand, through positive feedback, amplify
consciousness. Even if 8 absent, a new-born infant crying in responsg painful stimulus will
experience that subjectively according to the pregesory, because it is an act of formative
communication. It slightly modifies the infant'drinsic meaning, even if the attempted dialoguks fai

The natural world can become part of subjectiveedrpce as shown in Fig. 2b. The baskSs
bond is extended with an interaction efvth an object O. This is in the form of a (sinteld)
dialogue, because,3he adult, has already formed an internalizedehotlO. Initially, S lacks such
an internal model, and perceives O without subjeatxperience (1). However, the internalized
version of $ as formed according to Fig. %, can be gradually extended with the interaction \@
(and its implicit version O as used by),Ss shown in (2). Once this has become suffilyieatlistic,

S; need not be present any more (3). Finally, therinediateS, can fade away, and 8irectly

interacts with O (4), using an internal model Oewen interacts with this model without the presenc
of O (5). In either case, the interaction is a dated dialogue, with a modifying intrinsic meaning
accompanied by subjective experience.



The social world, symbolized by G, a group of indixals, can become internalized in a similar
way as the natural world (Fig. 2¢). An obvious @iéfnce with O is that G, or at least some members
of G, can engage in a genuine dialogue withiT8is makes the interactions and internalized mode
more complex than in the case of the natural w@lithough the presence of other living and perhaps
conscious species might complicate the latter aaseell).

Establishing consciousness of the self may proeeedrding to Fig. 2d. In the dialogue between
S and S, the latter will implicitly use an internalizednggon of S. Perceiving this is more difficult
for S than perceiving O as in Fig. 2b. Neverthelessb#tgaviour of when paying attention ta, S
bears resemblances to wherp8ys attention to O..$nay perceive this (1) as being the object of
attention (Reddy 2003). Once Isas developed a realistic model of Sich a model may get
extended, by inference, with an internalized madé;, S;, as apparently used implicitly by &).
Once this is sufficiently realistic for a simulatéidlogue, $needs not be present any more (3).
Finally, a direct simulated dialogue betweeraSdS; (4) produces an elementary form of self-
consciousness. Note that self-consciousness asotorgd here does not involve self-referentiality
(i.e., there is no circularity):1%ndS; are two different entities, with the subjectivepesience
produced, as before, by the formative change ifitie S while communicating with the simulation
(model)S:. Obviously, this change may subsequently leadtadjustment of;, but this is then just
the regular cyclicism of feedback, rather thanudadty.

Symbolic communication may arise as depicted in Eg The first two steps are identical to Fig.
2b, establishing a basic dialogic connection wittobject O, using an internaliz8d as intermediary.

In contrast to Fig. 2b, the dialogues witha®dS, are maintained even after the possibility of a
dialogue with O (implicitly using O) has been efisited. This leads to scheme (3), where for
completeness the implicth used by Shas been added. This scheme greatly facilitatdeglie about

O between Sand $, because both maintain internalized versions o @her. In effect, Scan
communicate takings8 perspective into account, and vice versa. Tdwsgiised for communication
may initially be similar (iconic) to concrete objg¢3), but gradually become symbolic (4), and
eventually refer to abstract objects (X, such dsgmies, social events, and ideas) as well (5).
Symbolic communication, particularly in the formlahguage, is a specialization of humans (Deacon
1997), and presumably requires evolved motivatisnsh as a propensity for sharing intentionality
(Tomasello and Carpenter 2007) and a willingnesoaperate (Richerson and Boyd 2005).

A final stage for Sis to use the scheme of Fig. 2e without the presef S. Conscious,
symbolic thought then involves an internalized atigie of $ with eitherS; or S, about X. Symbolic
communication and thought will subsequently enharesciousness of the other, the world, and the
self, as complex extensions to the schemes oP&igl.

The Unity of Subjective Experience

In the previous paragraph several forms of constiess were discussed, and even a single form, say
consciousness of the natural world, usually costairange of components. The question is, then, how
there can be unity of consciousness. Figure 3 exglahy the theory presented here must lead to such
a unity. The organism has only a sinfylg, and therefore also a sindle (barring pathology), and

only this singlefes:can be modified in formative communication. Ithgs fluidity of intrinsic meaning

that gives rise to consciousness. There may be g@mponents contributing fe:: (the time-varying
states in Fig. 3 that are used by the organismsgess intrinsic meaning), and there may be many
behavioural variabilities under controlfef, and there may be many ways the organism can erigag
dialogue, all subjectively experienced (as diff¢érgumalia), but there is only orig: If all is well, there
must be unity of consciousness.

How the unity of consciousness is realized in tlganism's physiology and nervous system is
likely to be opaque. There is no reasonffato be localized, as all parts of the organism @an,
principle, play a role in the system that embo@lieObviously, iffestis to be a good estimate fofs, it
needs to be well coordinated across the organigiweMer, such a coordination serves the organism's
fitness, and should not be seen as a means toeamsity of consciousness. The coordination is
interesting from a scientific point of view in thiaprovides information on how the organism is
realizing itsfes; i.€., its intrinsic meaning. But the interpredativould be extraordinarily difficult,
because fitness itself is extremely complex foo@a and cultural species such as the human awe. F
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Fig. 3 Unity of subjective experience. Organisms have onle true fithess and therefore should have only
one estimated fitneds;, and modifying this on&stherefore must lead to a unitary experience.
Nevertheless, the form &k:is expected to be embodied in a distributed wagl,ta be highly complex, with
many state variables (of body, mind, and envirorjnesntributing, with the variability of many diffent
behaviours controlled, and with consciousnessrayiiom a variety of internalized and external diples
(leading to qualitatively different conscious expaces, the qualia)

the same reason it may be similarly challenginigtiegrate neural correlates of consciousness
(reviewed in Tononi and Koch 2008) into a cohepature that could be interpreted within the
present framework, i.e., as implementationkftheA loop of Fig. 1d, and external and internalized
dialogues.

Discussion

In this article | have argued that consciousnesgsfrom acts of formative communication, usually
during dialogue. Formative communication is a spiorm of communication that modifies the
intrinsic meaning as embodied in animals in thenfof a self-estimated fitness. Such a fithess
participates in a feedback loop that finds a midpieund between determinism and stochasticity, and
equips the animal with behavioural freedom in addito intrinsic meaning. Dialogue and elementary
consciousness are assumed to originate from a basd; such as the mammalian mother-infant bond.
This bond is subsequently used for establishingeraomplex forms of consciousness, such as
consciousness about the natural world, about tbi@lssorld, self-consciousness, symbolic dialogue
with others about concrete or abstract objectgy(lage), and internalized symbolic dialogue
(thought).

The theory presented here is consistent with Daawiavolution, although it extends the basic
scheme using only extrinsic fitnesk.) with one where an internalized, self-estimatéess fes)
plays a role as well. The consequence is a schemhalftows for agency, meaning, and consciousness
(van Hateren 2014a, c). Fitness implies embodiedfeeg., Damasio and Carvalho 2013), because
without a body there would be no survival, reprdatug and death. The present theory is therefore
rather different from purely symbolic and infornwatal approaches to understanding meaning and
consciousness (see also Searle 2013). Howevanrekent theory also implies that embodiedness as
such is not sufficient for generating meaning amaisciousness: embodiedness withoutAtheop of
Fig. 1d would not produce active causation andrisit meaning, and therefore also no consciousness
in the formative communication of Fig. le.

Similarly, fitness implies embeddedness and ena¢gq., Thompson 2007; McGann et al. 2013;
Engel et al. 2013), as it is determined to a l&gent by how the organism interacts with its
environment. This also follows from the way conssiperception of the world is understood here, as
in Fig. 2b. Formative communication with O or itgarnalized version implies modifyirfgs: It is
therefore action-oriented, because Darwinian fariesiltimately determined by the consequences of
action and interaction. But also embeddedness @action are not sufficient for generating meaning
and consciousness, for the same reasons as dvatexl dheories stressing embodiedness and
embeddedness often derive a concept of value flementary life-sustaining processes, such as
homeostasis and metabolism. However, this wouldwook without the value-producingloop of
Fig. 1d, because the basic Darwinian loop (usirg fa®) is inherently value-free, where life and
death are just consequences of the process, ataddb values and goals (see also Davies 2009, pp.
86-87, and van Hateren 2014a, c).



A recent theory (Tononi 2008; Edlund et al. 20lrDpeses to explain consciousness as an
inherent property of integrated information, ithe excess information in the system produced by th
integration of its parts over the total of the indual parts. The theory presented here presumably
implies that a conscious organism would score bigintegrated information, becausgis unitary
and distributed at the same time (as illustratefign 3). Complex forms of consciousness, such as
involving symbolism (Fig. 2e), would require wethinected, but complex subsystems. However, the
reverse is not true. A system which scores highmtagrated information, but without tieloop of
Fig. 1d, would completely lack meaning and consai@ss according to the present theory.

From the present perspective it is clear thatpalgihh consciousness is a phenomenon that has
evolved through Darwinian evolution, the questidmatfitness benefits it would yield is slightly-ill
posed. The fithness benefits come primarily fronmfative communication, enabling a flexible
adjustment of the self-estimated fitness of theromicative partners. This may facilitate cooperatio
to such an extent that it presumably produces hifiimess in each partner than they would have had
without the dialogue, at least on average. Sulje@xperience is then just the phenomenon that
accompanies a modifying intrinsic meaning. Bothimsic meaning and consciousness are presumably
unique to life, the former a property of all forwilife (van Hateren 2013), and the latter limited
specific species with a sufficiently social lifelstyand a sufficiently advanced nervous system.
Nevertheless, advanced forms of consciousnessmdagd produce fitness benefits by themselves.
The strong reliance on internalized forms of diagparticularly in humans, suggests such additiona
fitness benefits, for example by enabling moreifiiexand deliberate forms of engagement with the
physical and social worlds (van Hateren 2014c). Aigha levels of formative communication found in
humans, as in language and symbolic thought, a@ngeanied by correspondingly high levels of
consciousness alongside extraordinary fitness.
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