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ABSTRACT 
 
Cognition is meant as the process of acquiring knowledge from the world. This 

process is supposed to happen within agents, which build such knowledge with the 
purpose to use it to determine their actions on the world. Following Peircean ideas, we 
postulate that such knowledge is encoded by means of signs. According to Peirce, signs 
are anything that can be used to represent anything else. Also, for Peirce, to represent 
means to be able to generate another sign, called the interpretant of the original sign, 
which still holds the same power of interpretability, I.e, its power to be transformed 
into a new sign, holding this same power. This happens through a process called semi-
osis, the process by which a sign is transformed into an interpretant. This whole pro-
cess is performed with the aim of subsidizing the agent in deciding its behavior. So, 
even though the semiosis process has the power to continue infinitely, it usually stops 
whenever the generated interpretant brings enough information in order for the agent 
to effectively act in the world. We take signals to be the substract of signs. Signals are 
any physical property, which can be measured and captured by the agent, by means of 
its sensors. This includes any kind of internal memory the agent is able to have access, 
in order to operate. In this sense, signs can be both in the world (if these signals come 
IURP� VHQVRUV�� DQG� ZLWKLQ� WKH� RZQ� DJHQW¶V� PLQG� �LI� VLJQDOV� FRPH� IURP� DQ� LQWHUQDO�
PHPRU\���:H�XQGHUVWDQG�DQ�DJHQW¶V�PLQG�DV�WKH�DJHQWV¶�FRQWURO�V\VWHP��,Q�HLWKHU�FDVH��
signals can be abstracted as numbers. Not simply numbers, but numbers coming from 
specific sensors or specific memories. Using ideas from Peircean philosophy, in this 
work we postulate a pathway, in which signals, collected by either sensors or memory, 
can be organized in such a way that they can be effectively used as knowledge, in order 
for an agent to be able to decide its actions on the world, on the pursuit of its internal 
motivations. We postulate that agents identify and create a model of the world based 
on possibilities, existents, and laws, and based on this model, they are able to decide 
an action that maximizes the chance for the world to gain a shape, which the agents 
intend for it to be. This theory is postulated particularly for the case of artificial auton-
omous agents, meant to be constructed by engineering artifacts. 

Keywords: Peircean semiotics, knowledge representation, cognitive science. 
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1. INTRODUCTION 
 
Cognitive science is an interdisciplinary scientific field that connects di-

verse but related disciplines such as experimental psychology, theoretical 
linguistics, mathematical logic, and artificial intelligence with the aim of 
understanding how mind works. In this context, according to Bermudez 
(2020, pp.15-35), cognition is a form of information processing that allows 
organisms to interact with their environment to survive. This interaction 
involves a mind that is responsible for representing the world and develop-
ing knowledge about it, providing conditions for the organisms to explore 
and transform their environment. In short, cognition is meant as the pro-
cess of acquiring knowledge from the world by an entity equipped with per-
ceptive and actuation devices. Therefore, adopting the approach of Embod-
ied Situated Cognition, proposed by Francisco Varela et al. (1991), we con-
sider that perception and action instances are two strongly connected parts 
of the whole system (see Figure 1), and following some past insights from 
Gudwin (2014; 2015), we postulate in this work that the study of this kind of 
connection can be supported by the General Theory of Signs of the American 
philosopher Charles Sanders Peirce (*1839, +1914). 

 

 
Figure 1: The scope of cognition based on the Embodied Situated Cognition movement 

 
The concept of relations between an organism and its environment, me-

diated by a mind, takes in account that reality is organized as a system in 
which each organism affects the surrounding environment and is affected 
back by the things of the world, including other organisms. However, the 
presence of a mind must not be considered as an exclusive attribute of bio-
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ORJLFDO�HQWLWLHV��$V�SRLQWHG�RXW�E\�0DUJDUHW�%RGHQ��³����WKH�UHODWLRQ�EHWZHHQ�
life and mind is still highly problematic [...]. The common-sense view is that 
WKH�RQH��OLIH��LV�D�SUHFRQGLWLRQ�RI�WKH�RWKHU��PLQG���%XW�WKHUH¶V�QR�JHQHUDOO\�
accepted ZD\�RI�SURYLQJ�WKDW�WR�EH�VR´��%RGHQ��������S���������,Q�DFFRUGDQFH�
with a broader concept of mind, Peirce claims that thought and mind are not 
exclusively human attributes and must not be confounded with conscious-
ness. For him, mind is a synonym of representation, and its actuation upon 
the matter occurs by force of certain laws of final causality. Thus, wherever 
there are laws, regularities and potentiality there is also rationality, and this 
should not presuppose consciousness but incorporated knowledge (Santael-
OD���������,Q�3HLUFH¶V�RZQ�ZRUGV� 

 
³7KRXJKW�LV�QRW�QHFHVVDULO\�FRQQHFWHG�ZLWK�D�brain. It appears in the work of 
bees, of crystals, and throughout the purely physical world; and one can no 
more deny that it is really there, than that the colors, the shapes, etc., of ob-
jects are really there. [...] Not only is thought in the organic world, but it de-
velops there. But as there cannot be a General without Instances embodying 
it, so there cannot be thought without Signs. [...] Admitting that connected 
Signs must have a Quasi-mind, it may further be declared that there can be 
no isolated sign. Moreover, signs require at least two Quasi-minds; a Quasi-
utterer and a Quasi-interpreter; and although these two are at one (i.e., are 
one mind) in the sign itself, they must nevertheless be distinct. In the Sign 
they are, so to say, welded. Accordingly, it is not merely a fact of human Psy-
chology, but a necessity of Logic, that every logical evolution of thought 
VKRXOG�EH�GLDORJLF�´��&3�������1 

 
Peircean semiotics LV�D�NLQG�RI�SKHQRPHQRORJ\�LQ�ZKLFK�DQ�LQWHUSUHWHU¶V�

mind is affected by signals coming either from the world and/or from inter-
nal memories. The interpreter has no direct access to real objects (Dynam-
ical Objects), but only to their signs conveyed by the signals (Immediate 
Objects), which means that all representation is due to some kind of collat-
eral experience (CP 8.314). Peirce considers signs as anything suitable to 
represent anything else. Also, for Peirce, to represent means to be able to 
transform a sign into another sign called the interpretant of the original 
sign, which still holds the same power of interpretation. This happens 
through a process called semiosis, the process by which a sign is trans-
formed into another sign. According to Noth, despite sign, representation, 
mediation, and interpretation being the key terms in the study of semiotic 
processes, instead of the term information, Peirce had much more to say 
about how signs convey information than is usually acknowledged in con-
temporary information sciences, and he explains:  
²²²²²²²²² 

1 &LWDWLRQV�WR�3HLUFH¶V�ZRUNV�LQ�WKLV�SDSHU�IROORZ�WKH�WUDGLWLRQDO�IRUPDW�XVHG�E\�3HLUFHDQ�VFKRODUV. 
So, instead of Peirce (1931±1958, pp. 120±138) for some pages of the Collected Papers of Charles 
Sanders Peirce, the citation appears as CP x.y where: CP indicates the title, x indicates the volume 
and y indicates the paragraph. 
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³3HLUFH¶V� LQIRUPDWLRQ� WKHRU\� GRHV� QRW� FRQFHLYH� RI� LQIRUPDWLRQ� LQ� WHUPV� RI�
probabilities of the occurrence of signals, words, or sentences in actual utter-
ances. Instead of probabilities, it calculates the logical quantities of extension 
and intension of symbols. Furthermore, it does not only calculate the value of 
the actual information conveyed through new informative propositions but 
also information as it has accumulated through the implications that symbols 
acquire in the course of their history. It is, hence, both a theory of knowledge 
acquisition and a theoU\�RI�WKH�JURZWK�RI�V\PEROV�´��1RWK������� 
 
So, if cognition means the process of acquiring knowledge from the world 

through a form of information processing, and signs convey information 
through semiosis toward knowledge acquisition, we postulate that 
knowledge is encoded through signs, which points to the Peircean semiotics 
as promising grounding for cognition. And finally, we consider here that the 
interpreting mind involved in the semiotic processes could be a computa-
tional device referred to as an artificial autonomous agent, or simply an 
DJHQW�ZKLFK�LV�GHILQHG�E\�5XVVHOO�DQG�1RUYLJ��������S������DV�³DQ\WKLQJ�WKDW�
can be viewed as perceiving its environment through sensors and acting 
XSRQ�WKDW�HQYLURQPHQW�WKURXJK�DFWXDWRUV�´�7KXV��LQ�WKLV�SDSHU��ZH�FRQVLGHU�
the possibility of an agent, affected by the signals from the world, to use 
these signals in semiotic processes to acquire knowledge, and use this 
knowledge to drive its actions. 

 
 

2. KNOWLEDGE AND CATEGORIES 
 

The general theory of knowledge aims to understand the signification 
processes of human thought and their relations to the objects of the world as 
a whole. In its turn, the special theory of knowledge investigates the most 
elementary concepts used to describe objects, and these concepts are called 
categories. In this sense, the special theory of knowledge is a theory of cate-
gories, and its focus points to the logical origins of the forms of thought and 
how they arise from the essential laws of thought in confrontation with the 
experience data (Hessen, 2003, pp. 133±134). 

Aristotle was the first philosopher to take care of such matters, and had 
used language, particularly classes of words, to frame all elements of reality 
into ten categories: substance; quantity; quality; relatives; somewhere; 
sometime; being in a position; having; acting; and being acted upon. Ac-
cording to Aristotle, words are things that are said, and it is natural to inter-
pret his system as a classification of words. However he was not primarily 
interested in words but in the world to which words correspond (Studt-
mann, 2021). 

Due to the skepticism about our capacity to distinguish precise divisions 
in reality, an important shift from Aristotelian realism to what was called 
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categorial conceptualism was promoted by Kant. Unlike his precursor, he 
established his system based on the idea that human thought has no access 
to the thing in itself but only to its appearance or phenomena, which leads 
to the essential categories that govern human understanding or judgement, 
and judgement is the basis for any possible cognition of phenomena. Thus, 
to enumerate the forms of possible judgement, he used Aristotelian logic to 
determine four respects in which one can classify any judgement: quantity, 
quality, relation, and modality. Moreover, in respect to each class of judge-
ment, Kant recognized three subdivisions leading to twelve categories: 
Quantity (Unity, Plurality, and Totality), Quality (Reality, Negation, and 
Limitation), Relation (Inherence and Subsistence, Causality and Depend-
ence, and Community), and Modality (Possibility, Existence, and Necessity) 
(Thomasson, 2019). 

The third great system of categories in the history of philosophy was pro-
posed by Charles Sanders Peirce. In his intent to describe the most universal 
and elementary categories of all possible experiences he followed the same 
terminology of Aristotle (hai kategoriai) and Kant (die categorien), but the 
result he achieved was even more radical than that of his predecessors. 
Based on the semiotic processes, he has found only three categories in which 
all phenomena can be divided, leading to a logical and social theory of sign 
(Santaella, 2000, p. 7). The following section presents a panoramic view of 
3HLUFH¶V�ZRUN�RQ�VHPLRWLFV� 

 
 

3. %$6,&�127,216�2)�3(,5&($1¶6�6(0,27,&6 
 
Semiotics denotes the study of signs and significant processes (semiosis). 

In modern semiotics, the general theory of signs of Peirce postulates semiotics 
as a universal science, not restricted to human communication. In such sense, 
signs do not correspond to a specific class of phenomenon but are the elemen-
tary components of a kind of phenomenology (Noth, 1995, pp. 39±41) or 
phaneroscopy, which aims to study the universal categories of the phanerons 
(from the greek phaneros: visible, manifest, evident, apparent): 

 
³:KDW�,�WHUP�phaneroscopy is that study which, supported by the direct ob-
servation of phanerons and generalizing its observations, signalizes several 
very broad classes of phanerons; describes the features of each; shows that 
although they are so inextricably mixed together that no one can be isolated, 
yet it is manifest that their characters are quite disparate; then proves, be-
yond question, that a certain very short list comprises all of these broadest 
categories of phanerons there are; and finally proceeds to the laborious and 
GLIILFXOW� WDVN�RI�HQXPHUDWLQJ� WKH�SULQFLSDO�VXEGLYLVLRQV�RI� WKRVH�FDWHJRULHV�´�
(CP 1.286) 
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3HLUFH¶V�HIIRUWV�KDYH�UHGXFHG�DOO�SKHQRPHQD�WR�RQO\�three ontological cat-
egories: 

² Firstness DV�³WKH�PRGH�RI�EHLQJ�RI�WKDW�ZKLFK�LV�VXFK�DV�LW�LV��SRVLWLYely 
DQG�ZLWKRXW�UHIHUHQFH�WR�DQ\WKLQJ�HOVH´��&3���������)LUVWQHVV�LV�UHODWH�WR�WKH�
ideas of simple potentiality, possibility and independence, a feeling not yet 
converted to reflection, just a glimpse of reality in the state of pure indeter-
mination. All ideas that are absolutely independent of further ideas to sub-
sist are related to Firstness; 

² Secondness DV�³WKH�PRGH�RI�EHLQJ�RI�WKDW�ZKLFK�LV�VXFK�DV�LW�is, with re-
VSHFW�WR�D�VHFRQG�EXW�UHJDUGOHVV�RI�DQ\�WKLUG´��LELGHP���6HFRQGQHVV�SRLQWV�WR�
the experience of space-time, to action, to the experiential reality, to fact, to 
a perceptible consistency without purpose or judgement, because all these 
ideas require a relation to other ideas in order to be conceived²any point in 
space or time requires a connection to another point in space or time in or-
der to be space or time, any action requires an actor, a fact requires an exist-
ence where the fact materializes, a consistency requires a reference to what 
it is consistent to. This is the category for ideas that can only make sense 
while relating to another idea; 

² Thirdness DV�³the mode of being of that which is such as it is, in bring-
ing a second and third into relation to each other´��LELGHP���Thirdness cor-
responds to mediation, to law or habit, to continuity, to purpose and judge-
ment, to thought, and representation because all these ideas are, in them-
selves, relations between other ideas: mediation is the relation between two 
other things, a law puts under relation all its possible instances, a habit is 
nothing more than a learned law, continuity is the principle of recursive 
mediation between two others, purpose is a glimpse of the future mediating 
the flow of past to present. Thirdness is the category for ideas that are the 
own relation between two other ideas or, in other words, when the own rela-
tion of two other ideas becomes an idea. 
  

For Peirce, the three categories are related in a triadic way and this rela-
tLRQ�LV�LUUHGXFLEOH��ZLWKRXW�ERXQGDULHV�EHWZHHQ�WKHP��³1RW�RQO\�GRHV�7KLUG- 
ness suppose and involve the ideas of Secondness and Firstness, but never 
will it be possible to find any Secondness or Firstness in the phenomenon 
that is not accompanied by ThirdnHVV´��&3��������From this phenomenolog-
ical framework, Peirce creates the notion of genuine sign, an ingenious ex-
planation conceived from the concepts of thought and representation pre-
sent in the category of Thirdness: 
  

³$�6LJQ��RU�5HSUHVHQWDPHQ��LV�D�)LUVt which stands in such a genuine triadic 
relation to a Second, called its Object, as to be capable of determining a Third, 
called its Interpretant, to assume the same triadic relation to its Object in 
which it stands itself to the same Object. The triadic relation is genuine, that 
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is its three members are bound together by it in a way that does not consist in 
any complexus of dyadic relaWLRQV´��&3�������� 

 
As pointed by Adele Queiroz (2004, p. 53), the tripod is the best repre-

sentation of a sign. However, due to the purpose of making explicit some 
specific aspects of semiosis, this work uses a slightly modified tripod to rep-
resent the sign, but, despite its unbalanced form, no dyadic relation must be 
interpreted (See Figure 2). 

 

 
 

Figure 2: From the tripod to a modified tripod as sign representations 

 
 

With our modified tripod, we want to emphasize that the sign/represen-
tamen, corresponds exactly to the relation between the object and the inter-
pretant, detached as an entity in itself. Or, in other words, the sign is the 
third that connects the object to the interpretant, mediating between these 
other two, being the logic mediator between them. 

Furthermore, Noth (1995, pp. 43±44) claims that Peirce considers two 
types of objects: the Dynamical Object corresponding to the object outside 
the sign, something near to the real object, and the Immediate Object corre-
sponding to the object inside the sign, near to the representation itself; 
Moreover, Peirce also considers three types of interpretants, the Immediate 
Interpretant as a semantic potentiality, the Dynamical Interpretant as the 
direct effect produced by a sign in the interpreter which can lead to an ac-
tion in the world, and the Final Interpretant as the one carried so far that an 
ultimate conclusion was reached, which signifies the possibilities of contin-
uous learning. Peirce used the three categories (Firstness, Secondness and 
Thirdness) and the triadic relation (Representamen, Object and Interpre-
tant) to create a typology with three trichotomies, as shown in Table 1. 
  
Table 1: Peircean typology of signs, based on Noth (1995, p. 45) 
 

Trichotomy 

Category 

of the representa-
men 
 

of relation to 
object 
 

of relation to interpre-
tant 
 

Firstness Qualisign (Tone) Icon Rheme 

Secondness Sinsign (Token) Index Dicent 

Thirdness Legisign (Type) Symbol Argument 
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With this typology, Peirce had conceived 10 possible classes of signs: 
With this typology, Peirce had conceived 10 possible classes of signs:  
1. (Rhematic Iconic) Qualisign,2 e.g. a non-specific feeling of red; 2. (Rhe-
matic) Iconic Sinsign, e.g. a particular drawing of an ox, carved in a stone, in 
a cave, recognized by its similarity to an ox; 3. Rhematic Indexical Sinsign, 
e.g. a subtle non-identified cry, attracting our attention to the person crying; 
4. Dicent (Indexical) Sinsign, e.g. a weathercock, as affirming the wind di-
rection here and now; 5. (Rhematic) Iconic Legisign, e.g. a generic diagram, 
apart from its factual individuality;3 6. Rhematic Indexical Legisign, e.g. the 
general idea behind a demonstrative SURQRXQ� OLNH�³WKLV�´�RU� ³WKDW�´4 7. Di-
cent Indexical Legisign, e.g. a recognized traffic sign, planted in the ground, 
specifying that a particular traffic law is applied there;5 8. Rhematic Symbol-
ic (Legisign), e.g. a common noun; 9. Dicent (Symbolic Legisign), e.g. an 
ordinary proposition; and 10. Argument (Symbolic Legisign), e.g. a syllo-
gism.6 

Following the unbalanced tripod representation introduced here, and 
considering that each element in the tripod can be either a possibility, an 
existent or a law, Figure 3 shows the diagrams corresponding to each one of 
the ten classes of signs proposed by Peirce. White circles in dashed lines 
means that the element is a mere possibility (Firstness), while grey circles in 
continuous line correspond to elements that are true existents (Secondness), 
and black circles in continuous line correspond to elements that are consid-
ered as laws (Thirdness). 

In addition to the classification of the signs, some important relations be-
tween them must be considered, mostly, the relations concerning composi-
tion and government. Composition means that a more complex sign might 
incorporate other less complex signs. In other words, if a sign might be bro-
ken into parts, these parts compose the sign as a whole, e.g., for the Dicent 
IndexicaO�6LQVLJQ��3HLUFH�VD\V�WKDW�³>���@�LV�DQ\�REMHFW�RI�GLUHFW�H[SHULHQFH��LQ�
so far as it is a sign, and, as such, affords information concerning its Object. 
[...] Such a sign must involve an Iconic Sinsign to embody the information 

²²²²²²²²² 
2 Parenthesis indicates that some terms can be omitted due to redundancy, e.g, a Qualisign must 

be Rhematic and Iconic, so it can be referred simply as a Qualisign. 
3 This is the case every time an Iconic Sinsign is recognized as an instance of a more general law 

ruling every single instance of it. The Iconic Legisign is the interpretant of the Iconic Sinsign. 
4 'R�QRW�FRQIRXQG�WKDW�ZLWK�WKH�ZRUGV�³WKLV´�RU�³WKDW´��ZKLFK�DUH�5KHPDWLF�6\PEROLF�/HJLVLJQV��

In a technical sense, the Rhematic Indexical Legisign is the interpretant of a Rhematic Symbolic 
/HJLVLJQ��DIWHU�LWV�LQWHUSUHWDWLRQ��,Q�IDFW��ZKHQ�ZH�DUH�UHDGLQJ�D�WH[W�DQG�WKH�ZRUG�³WKLV´�DSSHDUV��LW�LV�
first an Iconic Sinsign (the ink at the paper), which is then interpreted as an Iconic Legisign (a re-
cognized word), which is further interpreted as a Rhematic Symbolic Legisign, which is finally inter-
preted as a Rhematic Indexical Legisign. 

5 The traffic sign, in itself is just a Rhematic Symbolic Legisign, interpreted in the sense of a traf-
fic law. What constitutes the Dicent Indexical Legisign is the fact that this traffic sign is planted in 
the ground, providing an affirmation that the traffic law, represented by the Traffic Sign (just  
a Rheme composing the Dicent) is ruling at this location. 

6 Examples adapted from (Noth, 1995, p. 45). 
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and a Rhematic Indexical Sinsign to indicate the object to which the infor-
PDWLRQ� UHIHUV�´� �&3� �������� 6R�� HYHU\� 'LFHQW�PLJKW� EH� GHFRPSRVHG� LQWR� D�
particular set of Rhemes (fragments of the Dicent), which, as a whole, com-
pose it. And government means that all Legisigns (Types) exist through 
their Sinsigns (Tokens or Replicas), e.g., Peirce claims that  
  

³$Q� ,FRQLF� /HJLVLJQ� �H�J��� D�GLDJUDP�� DSDUW� IURP� LWV� IDFWXDO� LQGLYLGXDOLW\�� LV�
any general law or type, in so far as it requires each instance of it to embody  
a definite quality which renders it fit to call up in the mind the idea of a like 
object. [...] Being a Legisign, its mode of being is that of governing single re-
plicas, each of which will be an Iconic Sinsign of a peFXOLDU�NLQG�´��&3�������� 
 

 
 

Figure 3: The ten classes of Peircean semiotics according to the proposed diagrammatic  
representation 

 
Taking into account these relations, Figure 4 aims to represent all possi-

bilities for the ten classes of signs. In this figure we adopted the following 
convention: 
  

² Continuous arrows stand for composition and dashed arrows stand 
for government; 

² Legisigns are divided into three types, embracing: LI (Laws of Instan-
tiation), LC (Laws of Coding), and LR (Laws of Reasoning); 
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² In the composition scheme, black arrows (a) mean ordinary composi-
tion, purple arrows (b) represent the arbitrary associative laws of cod-
ing and orange arrows (c) represent agglutination of sentences to form 
an argument; 

² In the government scheme, blue arrows (1) represent genuine necessi-
ties, green arrows (2) represent arbitrary necessities and the red ar-
row (3) represents meta-necessities (laws of laws). 

 
Figure 4: The ten classes of signs and their relations of composition and government  

(based on Camargo, 2018, p. 45) 

 
Composition and government relations will be resumed in the next sec-

tions where LI, LC and LR will be clarified. For now, it is necessary to intro-
duce the notion of semiosis as a process. This means that in the space-time 
framework, a sign can be interpreted into another sign called its interpre-
tant, and this interpretant, for its time, keeps the same potential of inter-
pretability (to be interpreted into a further sign), making the process con-
tinuously going on in the direction of the Final Interpretant. This direction 



 From Signals to Knowledge and from Knowledge to Action: Peircean Semiotics « 111 

is merely a tendency as the Final Interpretant cannot be really reached be-
cause, if so, it would mean that the absolute truth concerning the object was 
obtained, which is impossible. Even so, as signs grow, the knowledge about 
the object increases more and more (see Figure 5). Peirce said about the 
Final Interpretant that: 

 
³����:H�PXVW� DOVR� QRWH� WKDW� WKHUH� LV� FHUWDLQO\� D� WKLUG� NLQG� RI� ,QWHUSUHWDQW��
which I call the Final Interpretant, because it is that which would finally be 
decided to be the true interpretation if consideration of the matter were car-
ULHG�VR�IDU�WKDW�DQ�XOWLPDWH�RSLQLRQ�ZHUH�UHDFKHG�´��&3������� 
 

 
 

Figure 5: Representation of the semiotic process (semiosis) 

 
Finally, it is important to understand the dynamics by which a Dynamical 

Object, present at the environment, becomes NQRZQ� E\� DQ� LQWHUSUHWHU¶V�
mind (see Figure 6). The interpreter does not have direct access to it. In-
stead, this access is always mediated by a sign. But a single sign cannot bring 
a full acquaintance of the Dynamical Object. It can only bring a partial facet, 
a particular aspect of this object, which is called the Immediate Object, the 
parcel of the Dynamical Object, which is conveyed by a single sign. This par-
ticular aspect of the Dynamical Object, is consolidated internally in the in-
WHUSUHWHU¶V�PLQG� E\� Whe generation of the Immediate Interpretant, during  
a semiosis process. As soon as many different signs bring different aspects of 
the same Dynamical Object, they are integrated into the Dynamical Inter-
pretant, which can be viewed as the ongoing, best understanding of the  
Dynamical Object, as long as the interpreter receives signs related to this 
Dynamical Object. The Final Interpretant is just an ideal target, which will 
never be achieved, supposing that an infinite number of signs related to this 
same Dynamical Object could provide a complete understanding of the Dy-
namical Object. This process is detailed in next section. 
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4. FROM SIGNALS TO KNOWLEDGE 
 

Considering an agent (at this moment, natural or artificial) in relation to 
its environment, we assume here that there is a world outside the agent that 
cannot be reached by direct access, but only indirectly by means of signs, 
provided by sensors or internal memories. The agent is equipped with sen-
sor devices that can capture and measure certain signals coming from the 
world or, most precisely, signals that correspond to partial properties of the 
objects of the world that can be possibly sensed. Thus, a signal is considered 
KHUH�DV�WKH�VXEVWUDWH�RI�VLJQV��RU�DV�³WKH�YHKLFOH�RI�VHPLRWLFV´�ZKLFK�³LV�Rp-
posed WR� WKH� VLJQ� VLQFH� LW� LV� RQO\� LWV� SK\VLFDO� HPERGLPHQW´� �1RWK�� ������ 
p. 80). In this sense, a signal is a term of information theory and should not 
be confused with the signs themselves. 
 

  
Figure 6: 7KH�VHPLRWLF�G\QDPLFV�EHWZHHQ�WKH�LQWHUSUHWHU¶V�PLQG�DQd the environment 

 
The environment is populated by things that will be referred to as  

presumed existents or simply existents, which corresponds to the Dynamic 
Objects, or the real objects that will be represented by a sign.7 When an 
agent captures the signals coming from a presumed existent and uses them 
to deWHUPLQH� LWV�DFWLRQV�� LW�SOD\V� WKH� UROH�RI�DQ�LQWHUSUHWHU��7KH� WHUP�³SUe-
VXPHG´�LV�XVHG�WR�UHDVVXUH�WKDW�LW�LV�LPSRVVLEOH�WR�FODLP�LWV�UHDO�VWDWH�RI�Hx-
istence. 

²²²²²²²²² 
7 ,Q�3HLUFH¶V�ZRUGV��³7KDW�WKLQJ�ZKLFK�FDXVHV�D�VLJQ�DV�VXFK�LV�FDOOHG�WKH�REMHFW��DFFRUGLQJ�WR�WKH 

XVDJH�RI�VSHHFK��WKH�µUHDO�¶ but more accurately, the existent object) represented by the sign: the sign 
is determined to some species of correspondeQFH�ZLWK�WKDW�REMHFW�´�(CP 5.473) 
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The agent, or interpreter, has a mind that, in the case of artificial agents, 
corresponds to its control system and memory, which are used to turn sig-
nals into signs, transforming the signals information into knowledge (Gud-
win, 1999, 2001). Sensors and/or internal memories can be used as sources 
of signals, by agents, to identify and create compatible models of the world. 
Besides existents and their properties, things in the real world must actuate 
following natural regularities or necessities. 

Sensors are sources of signals, which should be considered regarding 
three relevant aspects: Transduction, Intensity and Position/Orientation. 
Transduction is a unique capability of sensors, in establishing a natural 
analogy between different properties of existents with a prototypical proper-
ty to be used internally by an agent, for processing information within the 
DJHQW¶V�PLQG��)RU�HDFK�GLIIHUHQW�VHQVRU��D�FHUWDLQ�NLQG�RI�SURSHUW\� LV�EHLQJ�
measured and translated to this prototypical property, which can be stored 
and interpreted, e.g. chemical-electric sparks in biological organisms or 
digital numbers stored in computer memories. Intensity corresponds to the 
magnitude of the signal, compared to a reference physical property, which 
can be understood as relative numbers that can change as time passes. Fi-
nally, Position/Orientation has to do with the fact that sensors are space 
located, so the signal they generate maintains a spatial relation between 
VHQVHG� SURSHUWLHV� DQG� WKH� DJHQW¶V� RZQ�SRVLWLRQ�RULHQWDWLRQ��Thus, at each 
time step, each sensor generates a signal integrating intensity combined to 
position/orientation, which is then accumulated in a windowed queue, in 
order to register the passage of time, creating a spatial-temporal dynamics 
LQ� WKH�PDQLIROG�RI� VHQVHV�� ,Q� WKH� LQWHUSUHWHU¶V�PLQG�� WKHVH�VLJQDOV�DUH� con-
veyed into signs. The most elementary ones are the Qualisigns, which stands 
in isomorphic relation to the properties of the presumed existents,8 remem-
bering that this is always a partial process as the presumed existent cannot 
be captured in its wholeness. 

 
 

4.1. Indexicality and iconicity in sensors 

Most Peircean semioticians consider sensors as sources of indexical 
signs. And there is a reason for that. Peirce himself had written that: 
  

³)RU�WKH�DFFHOHUDWLRQ�RI�WKH�SXOVH�LV�D�SUREDEOH�V\PSWRP�RI�IHYHU and the rise 
of the mercury in an ordinary thermometer or the bending of the double strip 
of metal in a metallic thermometer is an indication, or, to use the technical 
term, is an index, of an increase of atmospheric temperature, which, never-
theless, acts upon it in a purely brute and dyadic way. In these cases, howev-

²²²²²²²²² 
8 The terms property and quality can be used to the same signification, but in this paper, the 

term property is used in reference to the features of the existents of the real world and the term 
quality is used in reference to the signs 
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er, a mental representation of the index is produced, which mental represen-
tation is called the immediate object of the sign; and this object does triad-
ically produce the intended, or proper, effect of the sign strictly by means of 
another mental sign; and that this triadic character of the action is regarded 
as essential is shown by the fact that if the thermometer is dynamically con-
nected with the heating and cooling apparatus, so as to check either effect, we 
do not, in ordinary parlance speak of there being any semeiosy, or action of  
a sign, but, on the cRQWUDU\��VD\�WKDW�WKHUH�LV�DQ�µautoPDWLF�UHJXODWLRQ�¶ an idea 
opposed, in our minds, to that of semeiosy. For the proper significate outcome 
RI�D�VLJQ��,�SURSRVH�WKH�QDPH��WKH�LQWHUSUHWDQW�RI�WKH�VLJQ�´��&3������� 

 
  

Nevertheless, in this work, we postulate that, regarding sensory process-
es, there are two possible interpretations about the types of signs sensors 
can produce. The first interpretation matches the general consensus of in-
dexicality: it is evident that a mercury thermometer acts indicating another 
REMHFW¶V�WHPSHUDWXUH��WKH�WHPSHUDWXUH�RI�WKH�DLU�VXUURXQGLQJ�WKH�WKHUPRPe-
ter). But what can be told if we are feeling this temperature by ourselves, 
using the ability of our skin to feel it, for that purpose? It is important to 
understand that both the mercury thermometer and our skin cells are tem-
perature sensors. In fact, they are both thermometers, maintaining certain 
isomorphism between the properties of the world and the qualities per-
ceived. The difference is that the mercury thermometer is an external sen-
sor, to which I might have my attention driven, while in the case of my skin, 
I am directly connected to it. So, sensors might differ depending on the fact 
of being (or not) a part of the agent. Under this particular perspective, sen-
sors can also be understood as sources of Iconic Signs (Gudwin, 2014). Even 
when thinking about thermometers and measured temperatures, both in-
stances can be detected. If one looks to a mercury thermometer and starts 
making conjectures about the intensity of the measured temperature, com-
paring the size of mercury column to the temperature being felt by their 
skin, they are involved in an indexical process, but if one touches a hot sur-
face with their own hands, some similar conjectures could be done, but they 
would have started from a different type of signs, the Iconic Sinsigns. 

,Q� D� YHU\� FDUHIXO� DQDO\VLV� RI� 3HLUFH¶V� H[WHQVLYH� DQG� LQWULFDWH� V\VWHP� RI�
signs classification, Santaella (2020, pp. 293±306) enhanced her earlier 
concept of the six degrees of iconicity (Santaella, 1996), which lead to the 
correspondence with three of the ten classes of signs, the Qualisigns, the 
iconic Sinsigns, and the iconic Legisigns. From her point of view, the iconici-
ty degrees go from Pure Icons (one degree) to Actual Icons (two degrees), 
and from them to Hypoicons (three degrees). 

Following Santaella, the Pure Icon is a quasi-sign, or a sign reduced to  
a monadic state as it is VRPHWKLQJ�PHUHO\�PHQWDO�� ,W¶V�VRPHWKLQJ�WKDW�GRHV�
not even become realized as an idea, it stays in the undefined realm of mere 
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SRVVLELOLW\��DQG�VKH�SRLQWV�WR�3HLUFH¶V�RZQ�ZRUGV�³)RU�LQ�SUHFLVLRQ�RI�VSHHFK��
Icons can represent nothing but Forms and Feelings. [...] No pure Icons 
represent anything but Forms; no pure Forms are represented by anything 
EXW�,FRQV´��&3���������+RZHYHU��ZKHQ�FRQVLGHULQJ�RXWZDUG�REMHFWV�SUHVHQt-
HG� WR� RQH¶V�PLQG�� D� G\DGLF� UHODWLRQ� LV� HVWDEOLVKHG� WKURXJK�SHUFHSWLRQ� SUo-
cess, and this change represents the passage from Pure Icons to Actual 
Icons. Now, it is not a case of merely mental action but a connection be-
tween outer and inner worlds that brings into relation the objects of the 
world and the mind, it is an act of perception. In this scheme, both Pure 
Icons and Actual Icons are related to Qualisigns (Santaella, 2020). 

On the other hand, the Hypoicons are Iconic Signs operating in the level 
of Secondness and Thirdness (Sinsigns and Legisigins). The Hypoicons can 
be divided into Images, Diagrams, and Metaphors according to the mode of 
Firstness they participate in. Images are the signs that participate in simple 
qualities (Firstness); Diagrams are those signs that represent relations 
(Secondness); and Metaphors are those signs that represent parallelism in 
something else (Thirdness) (CP 2.277). Stjernfelt (2007, pp. 293±306) in-
troduces the instances of hypoicons as follows: 
 

³,PDJHV�LQ�WKLV�UHVWULFWHG��WHFKQLFDO�PHDQLQJ�RI�WKH�ZRUG�DUH�VLPLODU�WR�WKHLU�
object due to some simple quality (color, shape, tonality, size ...); diagrams 
are all similarity-based signs which refer to their object by means of some 
skeletal analysis of the object into mutually connected parts. The diagram 
consists of a sketch-like anatomy of its object²as the most ordinary examples 
one may point to function diagrams, cake diagrams, column diagrams, matri-
ces²but also, cf. below, a much larger set of icon types. Metaphor, finally, is 
the picture type which refers to its object via the intermediary of a third  
obMHFW�´ 
 
An important aspect of Hypoicons is their condition of compositionality. 

An image can be understood as a topological composite of qualities, or  
a bundle of qualities that, acting together, shapes the objects of the world;  
a diagram, in its turn, is a composite of relations between different parts of 
an object; and, finally, a metaphor exposes some kind of parallelism compo-
sition represented by a certain type of law that connects objects not by direct 
affection, but through some kind of idea. 

In this context, embodied sensors can be understood as source of Iconic 
Metaphors, mapping the objects of the world as an analogy of the properties 
of such objects (Gudwin, 2014). Figure 7 represents the action of a generic 
sensor functioning as an interface between thH�ZRUOG�DQG� WKH� LQWHUSUHWHU¶V�
mind. 

Thus, we might consider icons as the most basic bricks of knowledge that 
FDQ�DIIHFW�DQ�DJHQW�DQG��DV�SRLQWHG�E\�3HLUFH��³)RU�D�SXUH�LFRQ�GRHV�QRW�GUDZ�
any distinction between itself and its object. It represents whatever it may 
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represent, and whatever it is like, it in so far is. It is an affair of suchness 
RQO\´�&3��������%HLQJ�VR��WKH�HYDQHVFHQW�EDFNJURXQG�RI�4XDOLVLJQV�PXVW�EH�
developed to most complex signs, first to Hypoicons, which represents fig-
ures detached from the background, and from them to even more developed 
signs as indexes and symbols. 

 

 
 

Figure 7: 7KH�SURFHVV�RI�VLJQDO�WUDQVGXWLRQ�DQG�LWV�VLJQ�UHSUHVHQWDWLRQ�LQ�WKH�LQWHUSUHWHU¶V�
mind. Transduced signal occurs on a material substrate according to the nature of the agent  

(chemical-electric sparks, electric pulse, discrete numbering, etc) 
 
 

4.2. Indexicality and iconicity in sensors 

4.2.1. Firstness 

Nothing can be claimed for sure about both the existents and the laws 
ruling their natural interactions. But, due to these laws, existents show some 
properties and regularities that produce a signal set that, possibly, can be 
captured by agents equipped with appropriate sensors, e.g., an existent that 
has the property of reflecting electromagnetic waves in a band between the 
infrared and the ultraviolet can be perceived by a regular human being.  
Human eyes have the capacity to transduce photon beams to chemical-
electric pulses (transduced signal) that subsidize the agent to create a men-
tal map of the existent. This representation is not a high fidelity copy of the 
RULJLQDO��EXW��DV�ZULWWHQ�E\�9LHLUD��������S�������³WKH�PRUH�DQ�RUJDQLVP�FDQ�
JHQHUDWH�HQYLURQPHQW�LVRPRUSKLF�PDSSLQJ�WKH�PRUH�LW�ZLOO�EH�QHDU�RI�µLGHDO�
objectiviW\¶��DQG�PRUH�FDSDEOH�RI�VXUYLYLQJ�LW�ZLOO�EH�´ 

Thus, considering Peircean semiotics, the mapping process generates the 
Immediate Objects, but, in this first moment, it is just a glimpse of the 
world, a diffuse background where no detached figure is yet in mind. At this 
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moment, only Qualisigns affect the agent mind. This is the domain of First-
ness, where everything is a mere possibility. It represents the most basic 
agent±environment interface, and it is the first step of the process toward 
getting knowledge about the world, e.g., someone stands on an open field 
ZLWK�D�VPDOO�KRXVH�DW�WKH�OHIW�DQG�WKHUH�LV�D�ZHDWKHUFRFN�RQ�WKH�KRXVH¶V�URRI��
but at this first moment, the eventual interpreter is only able to feel sensory 
traces of them, through the manifold of senses. Everything is just a diffuse 
background of evanescent qualities (See Figure 8). 

 

 
Figure 8: 5HSUHVHQWDWLRQ�RI�)LUVWQHVV��ZKHQ�RQO\�4XDOLVLJQV�DIIHFW�WKH�LQWHUSUHWHU¶V�PLQG��ZKLFK�LV�

surrounded by a diffuse background of evanescent qualities that generate only Immediate  
Interpretants as semantic potentialities 

 
 

4.2.2. Secondness 

If Firstness corresponds to mere possibilities, the domain of Secondness 
is where existents became actualized as figures detached from the back-
ground. Now, there are three classes of sinsigns affecting the interpreWHU¶V�
mind: the Rhematic Iconic Sinsign, the Rhematic Indexical Sinsign and the 
Dicent In- dexical Sinsign. The first one corresponds to the impressions of 
an existent (a thing is perceived), it is a Sinsign because it is, in itself, a part 
of existence, but the Object and the Interpretant remain as mere possibili-
ties. It is an Icon because it is recognizable due to its similarity with its ob-
ject. And it is a Rheme, because it is only a part of a possible proposition; the 
second corresponds to the apprehension of the existent and to the relations 
that this existent maintains with other existents. It is an Index because it 
drives attention to the existent it indicates, but the Interpretant remains as  
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a mere possibility; and the third, finally, turns the Interpretant into a fact, or 
D�MXGJHPHQW��DERXW�VRPHWKLQJ��� LW� LV� WKH�H[SUHVVLRQ�RI�WKH�H[LVWHQW¶V�SUHGi-
cates, a composition that leads to an episode of knowledge.  

Then, considering the process of impression-apprehension-expression in 
the example of a distracted person standing on an open field, suddenly,  
a gentle breeze moves the arrow of the weathercock and a brief high-pitched 
PHWDOOLF�VRXQG�UHDFKHV�WKH�DJHQW¶V�HDUV��7KH�VRXQG�PDNHV�VRPHWKLQJ�WR�EH�
detached from the background. It is just the primary manifestation of an 
existent represented by Rhematic Iconic Sinsigns (impression). On a second 
moment, the attention of the interpreter turns his eyes to the weathercock, 
Qualisigns and Rhematic Iconic Sinsigns still actuate but now they are in-
volved by Rhematic Indexical Sinsigns that maintain the semiotic process 
going on: the sound points to the weathercock, which points to the wind 
�DSSUHKHQVLRQ���1RZ��WKH�LQWHUSUHWHU¶V�PLQG�DUH�SRSXODWHG�E\�'LFHQW�,QGHx-
ical Sinsigns, which allow the mind to start making judgements about the 
wind, about its speed and direction, possibly, its temperature could indicate 
a change in the weather conditions and the necessity to find a shelter, etc 
(expression). Semiosis keeps going on as new Sinsigns affect the agent, 
working in the composition of an episode of knowledge (See Figure 9). 
 

 
Figure 9: Representation of the Secondness, a perceived sound makes a figure to detaches from  

the background (the weathercock), which leads the attention of the interpreter to make judgements 
about the weather. At this moment Immediate Interpretants persist but they are accompanied  

by Dynamical Interpretants as the direct effect produced by a sign 

 
However, if all fact that takes place in the Secondness just represent un-

precedented events with no possibility of new occurrences in the future, no 
regularity, or law, would be recognized, and, consequently, nothing would 
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be converted to knowledge. In this sense, each Sinsign must be a replica (or 
D�7RNHQ��RI�D�/HJLVLJQ�� ³7KH�5HSOLFD� LV� D�6LQVLJQ��7KXs, every Legisign re-
quires Sinsigns. But these are not ordinary Sinsigns, such as are peculiar 
occurrences that are regarded as significant. Nor would the replica be signif-
LFDQW� LI� LW�ZHUH�QRW� IRU� WKH� ODZ�ZKLFK� UHQGHUV� LW� VR´� �&3���������7KHUefore, 
judgements are possible only due to the actuation of another category: 
Thirdness. 

 
4.2.3. Thirdness 

Recurrent events actualized in Secondness are specific instances of gen-
eral laws. Sinsigns (Tokens) are governed by Legisigns (Types). There are six 
classes of Legisigns, and they will be introduced here divided into three sub-
classes in accordance with the types of laws they represent: Laws of Instan-
tiation (LI), Laws of Coding (LC) and Laws of Reasoning (LR). 

Laws of Instantiation are represented by Rhematic Iconic Legisigns, 
Rhematic Indexical Legisigns and Dicent Indexical Legisigns, each of them 
corresponding respectively to the types of their tokens: Rhematic Iconic 
Sinsigns, Rhematic Indexical Sinsigns and Dicent Indexical Sinsigns. These 
laws represent one dimension of what Hoffmeyer calls code-duality, the 
dimension of the continuous: 
 

³$V�DQDORJ�>FRQWLQXRXV@�FRGLILFDWLRQV��RUJDQLVPV�UHFRJQL]H�DQG�LQWHract with 
each other in ecological space, whereas as digital [discrete] codifications  
(genome), they are passively carried forward in time from generation to  
generation [...]. Seeing from this perspective, life must be understood as se-
miotic survival²survival via a fundamental code-GXDOLW\´��+RIIPH\HU��������
p. 80) 

 
If the continuous dimension is represented by the Laws of Instantiation, 

the discrete dimension of code-duality²which Hoffmeyer exemplifies 
through genome²is represented by the Laws of Coding: Rhematic Symbolic 
Legisigns and Dicent Symbolic Legisign. The rhematic character of the first 
one indicates one unique piece of information as a word, and the dicent 
character of the second demonstrates the connection of particular pieces of 
information to a predicate as a sentence. The Laws of Coding can be taken as 
the elements of a table, where two columns contain, each one, two different 
sets of terms²set T1 containing the terms t11, t12,... t1n, that correspond to 
words; and T2 containing the terms t2i, t22,... t2n that correspond to predicates, 
and each line represents the imposed, or arbitrary, relation between these 
terms (t11 points to t21, t12 points to t22,..., t1n points to t2n). Finally, the Laws of 
Reasoning, Argument Symbolic Legisigns, are responsible to mediating the 
associative relations between continuous and discrete codes, acting as a set 
of meta-laws to consolidate knowledge and to allow learning of new habits 
(See Figure 10). 
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Figure 10: Representation of the Thirdness, and its three types of laws: Laws of Instantiation 
(continuous, classification), Laws of Coding (discrete, consolidation) and Laws of Reasoning  

(continuous/discrete, learning, laws of laws). It is the moment for the presence of the  
Final Interpretants that work as a tendency that will not be achieved but promote knowledge 

 
 

5. THE WHOLE PROCESS OF KNOWLEDGE ACQUISITION 
THROUGH SIGNS: FROM THE THREE WORLDS OF POPPER  

TO THE WORLDS OF IDEAS AND THE FRAGMENTS OF REALITY 
 

This section introduces some preliminary thoughts about reality based on 
possible relations between Popper and Peirce. It presents a digression that 
would help future development in Artificial Intelligence. Despite its specula-
tive character, we consider it relevant to introduce the theme in this paper. 
 
 

5.1. The three worlds of Popper 

Trying to represent reality, Karl Popper introduced the concept of three 
worlds, which were called world 1, world 2, and world 3. The original idea of 
Popper was not to establish three independent parts of reality, but three 
levels of it that interact and affect each other. In his own words: 

 
³7KHUH� LV�� ILUVW�� WKH�ZRUOG� WKDW� FRQVLVWV of physical bodies: of stones and of 
stars; of plants and of animals; but also of radiation, and of other forms of 
SK\VLFDO�HQHUJ\��,�ZLOO�FDOO�WKLV�SK\VLFDO�ZRUOG�µZRUOG��¶��>���@�7KHUH�LV��VHFRQGO\��
the mental or psychological world, the world of our feelings of pain and of 
pleasure, of our thoughts, of our decisions, of our perceptions and our obse-
rvations; in other words, the world of mental or psychological states or pro-
FHVVHV�� RU� RI� VXEMHFWLYH� H[SHULHQFHV�� ,�ZLOO� FDOO� LW� µZRUOG��¶�>���@�%\�ZRUOG��� ,�
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mean the world of the products of the human mind, such as languages; tales 
and stories and religious myths; scientific conjectures or theories, and ma-
thematical constructions; songs and symphonies; paintings and sculptures. 
But also aeroplanes and airports DQG� RWKHU� IHDWV� RI� HQJLQHHULQJ�´� �3RSSHU��
1972, p. 143) 

 
Popper divides world 1 into the world of non-living physical objects and 

the world of biological objects, claims that world 2 could be subdivided in 
various ways, e.g. into conscious experiences and dreams, and points that 
from world 3 many possible sub-worlds can be distinguished, e.g. the world 
of science from the world of fiction; and the world of music and the world of 
art from the world of engineering. 

If the idea of knowledge is conceived as the set of representations that 
FDQ�PDS�UHDOLW\�WR�WKH�DJHQW¶V�PLQG��DQG�WKLV�NQRZOHGJH�LV�WKH�HOHPHQW�WKDW�
allows cognition to perceive the world and transform it in the benefit of the 
agent, then the three worlds of Popper can be understood as the things that 
can be the objects of cognition and also everything that can be known, being 
the world 1 as the world of knowable things, world 2 the world of the things 
already mapped inside the human mind, and the world 3 as the result of the 
human cognition that affects back the world 1. 

The three worlds of Popper, in some sense, correlate to the categories of 
Firstness, Secondness, and Thirdness of Peircean semiotics since world 1 
points to the objects of the reality that can be possibly perceived, world 2 to 
things that take place inside the human mind, and world 3 to things that can 
be created by humankind and creation presupposes the use of laws to com-
pound complex objects. But, the similarity ceases immediately as Popper 
considers these worlds in a pluralistic scheme: 
 

³:KDW�KDYH�,�DV�D�SOXUDOLVW�WR�VD\�WR�WKH�PDWHULDOLVW�PRQLVW�DQG�WR�WKH�GXDOLVW"�
First of all, I am, like the dualist, prepared to agree with much that the mate-
rialist monist says; in fact, with everything except his denial of a world 2 of 
experiences and of a world 3 of abstract objects such as the Fifth Symphony. 
And similarly, I agree with all that the dualist says, except with his implicit 
belief that the Fifth Symphony is to be identified with our experiences of hea-
ring it, or of remembering it�´��3RSSHU��������S������ 

 
 

3HLUFH¶V�XQGHUVWDQGLQJ�RI�UHDOLW\��LQVWHDG��FODLPV�DEVROXWH�FRQWLQXLW\��He 
VD\V� WKDW� ³\HW�� WKH� UHDOLW\� RI� FRQWLQXLW\� RQFH� DGPLWWHG�� UHDVRQV� DUH� WKHUH��
divers reasons, some positive, others only formal, yet not contemptible, for 
DGPLWWLQJ�WKH�FRQWLQXLW\�RI�DOO� WKLQJV´��&3��������$QG�FODLPV�WKDW�³QRZ�WKH�
GRFWULQH�RI�FRQWLQXLW\�LV�WKDW�DOO�WKLQJV�VR�VZLP�LQ�FRQWLQXD´��&3���������6R��
FRQVLGHULQJ�3RSSHU¶V�HIIRUW�WR�GLYLGH�UHDOLW\�LQWR�ZRUOGV��EXW�WU\LQJ�WR�FRm-
plement this approach witK�3HLUFH¶V�FDWHJRULHV�LQ�FRQWLQXRXV�UHODWLRQV��QH[W�
subsection will propose another division of reality into worlds. 
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5.2. The Worlds of Ideas and Fragments of Reality 
 

All systems of categories are attempts to classify the kinds of elements 
that appear in the mind. These elements can be addressed, individually, as 
ideas, and elementary ideas can be linked together in order to generate more 
developed ones. Considering Peircean semiotics, signs are the elements that 
allow ideas to appear in the mind, and semiosis is the process that relates 
RQH�LGHD�WR�DQRWKHU��3RSSHU¶V�ZRUOG����DQG�SRVVLEO\�SDUW�RI�ZRUOG����FDQ�EH�
viewed as the world around us, our environment. Both world 2 and (part of) 
world 3 can be viewed as worlds related to things appearing in our mind. 
World 2 include the elements in our mind that can be put in correspondence 
with elements in world 1. World 3 include the creations of our mind that 
extrapolate world 1. In this work, we propose a different (but somewhat re-
lated) conceptualization, inspired in Peircean ideas. We focus first on what 
we might refer to the three Worlds of Ideas, categorizing the three different 
kinds of ideas that can appear in our mind. 

These are the World of Possibilities (related to the category of Firstness), 
the World of Existence (related to the category of Secondness) and the 
World of Laws (related to the category of Thirdness). Within each of these 
worlds, we also have embedded three other worlds that are related to three 
different levels in which we can describe the reDOLW\� DURXQG� XV� �3RSSHU¶V�
world 1). These are the World of Senses, the World of Things, and the World 
of Scenes. Figure 11 aims to represent this intricate organization. 

7KH�:RUOG�RI�([LVWHQFH� LV� VRPHZKDW�HTXLYDOHQW� WR�3RSSHU¶V�ZRUOG� ��� ,Q�
fact, it is not exactly world 1, but the ideas in our mind regarding world 1. It 
includes everything we believe is really happening around us, our best guess 
RI�ZKDW� LV�UHDO�� WKLQJV�ZH�PD\�UHSXWH�DV�UHDO� IDFWV��ZKDW�ZH�PLJKW�FDOO�³WKH�
WUXWK´�� )HHOLQJV� RI� WKLV�ZRUOG� DUH� IHelings we really felt, or feelings we are 
currently feeling. Things of this world are things we believe are really there, 
things we believe are real, in the past or in the present. Scenes of this world 
are scenes we experienced by ourselves, or which by the testimony of others 
we believe they really happened, or are happening right now. In summary, 
the World of Existence includes our naive understanding of what we might 
call reality, or the real world, but which might better be called actuality or 
existence. We decided to start our description of the three Worlds of Ideas 
by the World of Existence, because usually this is the point of contact of our 
mind with reality. But, as pointed out by Peirce, the reality is more than the 
World of Existence. It includes also the World of Possibility and the World 
of Laws. In fact, according to Peirce, the World of Existence is related to 
Secondness. 

1RZ�OHW¶V� LQYHVWLJDWH�WKH�RWKHU�WZR�ZRUOGV�RI� LGHDV��7KH�:RUOG�RI�3RVVi-
bility (domain of Firstness) is the world including everything that is possi-
ble, or at least we believe is possible, in the world of existence. It includes 
imagination, speculation, hypothesis, plans for the future, exploration of 
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scenarios, etc. The World of Possibility is the world where fiction and imagi-
nation take place. It is the world that works as the playground of the mind, 
where we situate things we know are not part of existence, but (we specu-
late) might be. Feelings in this world are just possible feelings, not those that 
really happened, or are happening. We can think of the World of Possibility 
as either atemporal, out of time, or as in the future, something that might 
possibly happens in the future. Things in the World of Possibility are just 
imaginary things, things that might exist, but without any commitment with 
things that really exist. Scenes in the world of possibility can be the recrea-
tion of scenes that really happened at the world of existence, but without any 
implication that they really happened. The World of Possibility is where we 
situate our interpretations, when we read a book of fiction, when someone 
tells us an invented story. We know they are not real, even though, they 
might be. While interpreting text, the World of Possibility is where we situ-
DWH�WKLQJV�ZKHQ�ZH�WDON�DERXW�³D�KRUVH�´�RU�³D�UHG�DSSOH�´�,W�LV�QRW�D�SDUWLFu-
lar horse we get in touch during our life, but just a possible horse. It is not a 
particular apple we found, or might find, nor with a particular kind of red, 
but just any possible red. 
 

 
 

Figure 11: The worlds of ideas and the fragments of reality 

 
Sane persons, while thinking, are fully capable of making the distinction 

of what pertains to the World of Existence, and what pertains to the World 
of Possibility. Illusions are things we erroneously situate in the World of 
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Existence, but are actually part of the World of Possibilities. Also, people 
with mental problems might make a confusion between these two worlds. In 
fact, anyone might be subject to this mistake, in some situations. Neverthe-
less, in its process of interpreting signs, an agent should be always classify-
ing things as being either a part of the World of Existence, or of the World of 
Possibility. Besides that, everything in the World of the Existence might 
have a dual in the World of Possibility, as everything that really is, must 
first, be possible. 

Finally, the last of the three Worlds of Ideas is the World of Laws (do-
main of Thirdness). There reside all the ideas regarding concepts, catego-
ries, types, habits of behavior, patterns, learning algorithms, rules, etc. Even 
though the concept of law is something that we can intuitively understand, 
at the same time it is quite difficult to precisely define. A law is a generic 
term we use to abstract an idea that mediates the relation between other 
ideas. A law is the reason by which many other different ideas are bounded 
together in becoming instances of it (the law). In set theory, it is the mem-
bership rule that defines if an element is (or is not) a member of a set. In 
physics, laws capture the generality of phenomena and allow them to be 
described in terms of things that keep repeating themselves in different sit-
uations. In human social interactions, laws are human arbitrations for en-
forcing certain habits of conduct among a group of people. The concept of 
law embraces the idea of generality, of an implicit reason for putting togeth-
er things that might have their own individuality, but at the same time share 
some kind of commonality. Thus, in the World of Laws we locate all the con-
cepts governing all other kinds of ideas. 

These concepts govern both the ideas pertaining the world of possibility 
and the World of Existence. These are meant to be instances of these  
concepts. So the feelings in the World of Laws are all the categories of  
feelings (or senses) that are related to the feelings in the World of Possibili-
ties and the feelings in the World of Existence. The things in the World of 
Laws are all the categories of things that are related to the things in the 
World of Possibilities and the things in the World of Existence. And the 
scenes in the World of Laws are all the categories of scenes that are related 
to the scenes in the World of Possibilities and the scenes in the World of 
Existence. 

Given that, we can see that the same three Worlds of Senses, Worlds of 
Things and World of Scenes do appear in the World of Possibilities, the 
World of Existence and the World of Laws. But the ideas there, besides shar-
ing some commonality, are not the same. We refer to these three worlds as 
the Fragments of Reality, in three different contexts. In terms of existence, 
the existence can be fragmented (segmented) into scenes, involving different 
things, where different (sensed) properties might change (or remain con-
stant), along time passes. 
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Now, permeating all the three Worlds of Ideas (and their Fragments of 
Reality), we have signs, representing the different aspects of reality. The 
identification often classes of signs, separated into three categories, presup-
poses that all types of ideas can be encoded to express these different as-
pects of reality. 

In a natural or artificial agent, all these signs are supposed to manifest 
themselves either on signals coming from sensors and actuators, or in sig-
nals stored into internal memories. In natural agents, these signals might be 
chemical/electrical signals located in specific body cells, like e.g. neurons, or 
muscular cells. In artificial agents, we might generalize that all the signals 
are stored into computer memories, given that some memory addresses are 
in fact mapping into the agenW¶V�VHQVRUV�DFWXDWRUV��7KURXJK�LWV�VHQVRUV�DQG�
actuators, the agent can only reach the World of Senses, leaving the World 
of Things and the World of Scenes to be always presumed, even in the World 
of Existence and in the World of Possibilities. Also, not all of the possi-
ble/existing properties can be captured by the agent. So, depending on the 
nature of the agent and the capacity of its sensors, different properties might 
be sensed/represented. The property in itself will depend on the sen-
sor/actuator where the signal comes from. 

,Q�WKLV�VFKHPH��WKH�VLJQDOV�FRPLQJ�IURP�WKH�DJHQW¶V�VHQVRUV�UHSUHVHQW�GLf-
ferent features of the Dynamical Objects supposed to exist in the reality. 
These dynamical objects are the fragments of reality being represented by 
signs. They might be senses, things or scenes, depending on the signs repre-
senting them. The most basic kind of sign, the Qualisign, is only capable of 
representing a sense in the World of Possibility. It is used to represent just  
a hypothetical sense (an imaginary or generic one). In order to represent  
a sense that was really sensed, by an agent, a sense at the World of Exist-
ence, we might require a Rhematic Iconic Sinsign, governed by a Rhematic 
Iconic Legisign (which represents a law at the World of Laws). When an 
agent captures, in a given instant of time, a particular measuring from  
a particular sensor, this causes the creation of a Rhematic Iconic Sinsign at 
WKH�DJHQW¶V�LQWHUQDO�PHPRU\��$V�VRRQ�DV�WKLV�5KHPDWLF�,FRQLF�6LQVLJQ�LV�UHc-
ognized as an instance of a Rhematic Iconic Legisign, the dynamics of the 
World of Senses is completed. Despite the status of Secondness of the Rhe-
matic Iconic Sinsigns, their presence as mere possibilities, as becoming from 
a hypothetical Thing, from the World of Possibilities, denotes their iconic 
condition. 

Things can be represented as bundles of properties. So, in order to repre-
sent things, either from the World of Possibilities or from the World of Ex-
istence, we need to use Rhematic Indexical Sinsigns governed by Rhe matic 
Indexical Legisigns. They are indexes, because they do not have in them-
selves the properties, but they point to icons that represent these properties. 
So, each Rhematic Indexical Sinsign will be pointing to multiple Rhematic 
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Iconic Sinsigns, if this thing is from the World of Existence, or Qual- isigns, 
if it represents a thing at the World of Possibilities. So, in fact, a Rhematic 
Indexical Sinsign is a bundle of Rhematic Iconic Sinsigns, representing mul-
tiple senses at the World of Existence, or a bundle of Qualisigns, represent-
ing multiple senses at the World of Possibilities. Rhematic Indexical Legis-
igns are laws, from the World of Laws, used to represent classes of things. 

Finally, the agent can make judgements about the things, their properties 
and how these properties change over time forming scenes. In order to rep-
resent these scenes and other kinds of judgment about the particular state of 
any particular thing being a part of a scene, we might use Dicent Indexical 
Sinsigns governed by Dicent Indexical Legisigns. These are indexes because 
they point either to Rhematic Indexical Sinsigns representing the things 
participating at the scene, or to Rhematic Iconic Sinsigns or to Qualisigns 
representing a particular sense, from the World of Possibilities or the World 
of Existence, while being used or not to characterize the scene. This scene 
might be from the World of Possibilities, while being a hypothetical (generic 
or imaginary) scene, or from the World of Existence, while being a scene 
that really happened. Dicent Indexical Legisigns are laws representing the 
many classes of scenes sharing some kind of commonality. While perceiving 
a scene evolving in time, the agent creates a Dicent Indexical Sinsign. As 
soon as this Dicent Indexical Sinsign is recognized as being an instance of  
a Dicent Indexical Legisign, the class of scene just happening is recognized. 
This dynamics makes the World of Scenes. 

The three worlds representing the Fragments of Reality: the World of 
Senses, the World of Things, and the World of Scenes are not confined to  
a specific World of Ideas. They can be perceived inside the World of Possi-
bilities, the World of Existence, and the World of Laws. What differentiate 
the Fragments of Reality inside each World of Senses and the World of 
Things is the combined status of all necessary sensed qualities needed to 
generate the representation of specific things, and then how these things are 
involved in the representation of scenes. For example, the idea of a horse 
involves a bunch of qualities, like form, color, being located in a specific 
space-time, etc. When all (or at least some of) these qualities are undefined 
or vague, the idea represents a horse in the World of Possibilities. This 
might be a generic indefinite horse, or maybe a fictional horse. When all 
these qualities are defined, the idea represents an existent horse, or a specif-
ic horse in the World of Existence. 

Rhematic Iconic Legisigns, Rhematic Indexical Legisigns and Dicent  
Indexical Legisigns are all cases of Laws of Instantiation. These laws are 
used to represent classes or types, governing instances of different frag-
ments of reality. Beyond the Laws of Instantiation, there are two other clas-
ses of signs, the Rhematic Symbolic Legisigns, and the Dicent Symbolic 
Legisigns that are cases of Laws of Coding. They govern their Replicas in 
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such a way that the first represents symbols to other things around (like  
a word or a group of words not forming a complete sentence), and the sec-
ond represents symbols of judgments about scenes, things and senses (like  
a complete sentence). The first governs Rhematic Indexical Sinsigns, and 
the second governs Dicent Indexical Sinsign, which makes to place them, 
respectively, in the World of Things and in the World of Scenes. Finally, 
rests the Arguments (Argument Symbolic Legisigns), which are learning 
rules (Laws of Reasoning) that govern Replicas of Dicent Indexical Sinsigns, 
which corresponds to the Worlds of Scenes. 

The result of the division of reality into worlds based on the theory of 
signs of Peirce, even being a bit intricate, introduces a new approach to 
study knowledge acquisition in a continuous framework, which can direct 
WKH� UHVHDUFKHUV¶� DWWHQWLRQ� WR� RQFH� KLGGHQ� SLHFHV� RI� HYLGHQFHV� WR� FRQFHLYH�
better models of the mind. 

 
 

6. FROM KNOWLEDGE TO ACTION 
 

6.1. Energetic Interpretants, Actions and Creativity 
 

In last section, two levels of knowledge, based on Peircean Semiotics, 
were considered: one driving the acquisition and establishment of 
knowledge, mediated by Laws of Instantiation and Laws of Coding, and one 
allowing learning, mediated by Laws of Reasoning, leading to habit changes. 
Now it is time to address how semiosis can be related to actions. 

Semiosis is the process by which a sign causes an effect, its interpretant. 
$FFRUGLQJ�WR�3HLUFH¶V�Harlier ideas, this interpretant was supposed to neces-
sarily be another sign, generating a scheme of infinite semiosis, in which an 
interpretant is also a sign and, being so, another interpretant should be pre-
sent in an unending process. But Short (2004) points out that, after 1904, 
Peirce expanded his original point of view, proposing that an interpretant 
need not always be another sign. In this expanded comprehension, even 
though the genuine effect of a sign is to generate another sign (a thought-
sign), degenerate cases of interpretants might be actions or feelings as well. 
3HLUFH¶V�FODLPV�WKDW� 
 

³����7DNLQJ�VLJQ�LQ�LWV�EURDGHVW�VHQVH��LWV�LQWHUSUHWDQW�LV�QRW�QHFHVVDULO\�D�VLJQ��
[...] We may take a sign in so broad a sense that the interpretant of it is not  
a thought, but an action or experience, or we may even so enlarge the mean-
ing of sign that its interpretant is a mere quality of feeling. A Third is so-
mething which brings a First into relation to a Second. A sign is a sort of 
Third. How shall we characterize it? Shall we say that a Sign brings a Second, 
its Object, into cognitive relation to a Third? That a Sign brings a Second into 
the same relation to a first in which it stands itself to that First? [...] A sign 
therefore is an object which is in relation to its object on the one hand and to 
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an interpretant on the other, in such a way as to bring the interpretant into  
a relation to the object, corresponding to its own relation to the object.  
,�PLJKW�VD\�¶VLPLODU�WR�LWV�RZQ¶�IRU�D�FRUUHVSRQGHQFH�FRQVLVts in a similarity; 
but perhaps correVSRQGHQFH�LV�QDUURZHU�´�(CP 8.332) 
 
Following Short (2004) explanation, Peirce established a new classifica-

tion of the interpretants, considering that feelings are monadic, actions are 
dyadic, and signs are triadic, and, in 1907, Peirce called these types of inter-
SUHWDQWV�HPRWLRQDO��HQHUJHWLF��DQG�ORJLFDO��,Q�3HLUFH¶V�ZRUGV� 

 
³7KLV� µHPRWLRQDO� LQWHUSUHWDQW�¶� DV� ,� FDOO� LW��PD\� DPRXQW� WR�PXFK�PRUH� WKDQ�
that feeling of recognition; and in some cases, it is the only proper significate 
effect that the sign produces. Thus, the performance of a piece of concerted 
PXVLF�LV�D�VLJQ��,W�FRQYH\V��DQG�LV�LQWHQGHG�WR�FRQYH\��WKH�FRPSRVHU¶V�PXVLFDO�
ideas; but these usually consist merely in a series of feelings. If a sign produ-
ces any further proper significate effect, it will do so through the mediation of 
the emotional interpretant, and such further effect will always involve an ef-
fort. I call it the energetic interpretant. The effort may be a muscular one, as it 
is in the case of the command to ground arms; but it is much more usually an 
exertion upon the Inner World, a mental effort. [...] In advance of ascertai-
ning the nature of this effect, it will be convenient to adopt a designation for 
it, and I will call it the logical interpretant, without as yet determining whet-
her this term shall extend to anything beside the meaning of a general con-
FHSW��WKRXJK�FHUWDLQO\�FORVHO\�UHODWHG�WR�WKDW��RU�QRW�´��&3������-6) 
 
So, following this new trichotomy introduced in 1907, we can assume 

that every action is the energetic interpretant of a previous sign, processed 
by an agent in its behavioral process. We can split the process of action into 
three different moments or stages. In the first moment, an action is pro-
posed. In a second moment, an action might be selected, among many pos-
sible actions, which might have been first proposed. Finally, the selected 
action is then performed. 

Considering the different means by which an action might be proposed, 
and applying Firstness, Secondness and Thirdness, we might reach three 
different kinds of actions:  

² Actions of Firstness are spontaneous kinds of actions, usually embed-
ded with some sort of randomness with an exploratory disposition. 
This kind of actions induces strategies of trial and error that lead to 
start finding solutions to unknown situations. The main characteristic 
of an Action of Firstness is that its proposal (or determination) is 
completely independent of the present situation. 

² Actions of Secondness are reactive actions triggered by a sensor or an 
internal signal. They are reactions to either external or internal stimu-
li, usually the fruit of a habit of conduct, triggered only due to the per-
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ception of an immediate present. So, its proposal (or determination) is 
a function of the present situation. 

² Actions of Thirdness are motivated actions, which are the most com-
plex of them, requiring both the perception of the immediate present 
and an expected desired future state, which the agent is supposed to 
achieve. In order to perform Actions of Thirdness, an agent needs to 
have at least some model of the effect of possible actions when applied 
to the present state, and the new state to be achieved if these actions 
are applied. Then, a path of actions (a plan) might be conceived, mov-
ing the present situation to the future desired state. So, its proposal 
(or determination) is a function both of the present situation, and the 
desired future state the agent is supposed to reach. 

 
We assume that multiple processes of semiosis happening inside an 

DJHQW¶V�PLQG�PLght propose a whole set of actions, which will compete to 
each other in order to be selected, such that the chosen one, in any particu-
lar instance of time, will then be performed, or executed. Actions of First-
ness will be proposed every time a certain level of doubt is achieved, or the 
agent is engaged into some sort of exploratory behavior, particularly when 
the current situation is unclear, or the agent is not certain in what to do. 
Actions of Firstness might be important during the process of learning by 
trial and error, such that the agent can build a behavioral model, and create 
internal habits of conduct. Actions of Secondness usually are the case when 
such habits are already defined, and the agent now knows how to act, based 
on the present situation. Actions of Secondness are very useful when the 
agent does not have time for thinking, but previous experiences have created 
a set of rules relating specific situations to specific reactions. In this case, 
they might be proposed in order to repeat a behavior already performed in 
the past, which might have been proven useful. Instead of simply trying eve-
rything, like with the Actions of Firstness, Actions of Secondness might go 
straight to the point, regarding the current situation. But even though an 
agent might achieve interesting behaviors with just Actions of Firstness and 
Actions of Secondness, only with Actions of Thirdness an agent might really 
succeed in shaping the environment into a future desired state. The problem 
is that Actions of Thirdness might be very costly to propose. They require  
a good model for the effect of different actions, and might require elaborate 
planning strategies in order to move from the current present situation up to 
the desired future state. Also, if unexpected changes at the environment do 
appear, they might require some sort of re-planning in order to be successful. 

Different strategies might be used to generate Actions of Firstness,  
Actions of Secondness and Actions of Thirdness. Boden (1998) introduces  
a very interesting typology of creativity that can be used to propose new ac-
tions. In her words: 
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³7KHUH�DUH�WKUHH�PDLQ�W\SHV�RI�FUHDWLYLW\��LQYROYLQJ�GLIIHUHQW�ZD\V�RI�JHQHUDt-
ing the novel ideas. The first type involves novel (improbable) combinations 
of familiar ideas. LHW�XV�FDOO�WKLV�µFRPELQDWLRQDO¶ creativity. Examples include 
much poetic imagery, and also analogy-wherein the two newly associated ide-
as share some inherent conceptual structure. [...] The second and third types 
are closely linked, and more similar to each other than either is to the first. 
7KH\�DUH� µH[SORUDWRU\¶�DQG� µWUDQVIRUPDWLRQDO¶ creativity. The former involves 
the generation of novel ideas by the exploration of structured conceptual spa-
ces. This ofWHQ�UHVXOWV�LQ�VWUXFWXUHV��µLGHDV¶) that are not only novel, but unex-
pected. [...] The latter involves the transformation of some (one or more) di-
mension of the space, so that new structures can be generated which could 
not have arisen before. The more fundamental the dimension concerned, and 
the more powerful the transformation, the more surprising the new ideas will 
be. These two forms of creativity shade into one another, since exploration of 
WKH�VSDFH�FDQ�LQFOXGH�PLQLPDO�µWZHDNLQJ¶ of fairly superficial constraints. The 
distinction between a tweak and a transform is to some extent a matter of 
judgement, but the more well-defined the space, the clearer this distinction 
FDQ�EH�´ 

 
,W� LV� LQWHUHVWLQJ� WR� QRWLFH� WKDW� %RGHQ¶V� W\SRORJ\� LQWULQVLFDOO\� IROORZV�

3HLUFH¶V�LGHDV�RI�)LUVWQHVV��6HFRQGQHVV�DQG�7KLUGQHVV��([ploratory creativity 
is clearly an instance of Firstness, as it requires nothing to create a new one, 
using only the structure of the conceptual space. Transformational creativity 
is an instance of Secondness, as it requires a first in order to transform it 
and create a new one. And Combinational creativity is clearly a Thirdness, as 
it requires both a first and a second in order to create a new one. Assuming 
now that the conceptual space is the actuation space, each of the kinds of 
actions (of Firstness, of Secondness, and of Thirdness) can be created using 
either exploratory, or transformational, or combinatorial strategies. 

Now, after possibly a set of actions was proposed (and among them, there 
might be Actions of Firstness, Actions of Secondnesss, and Actions of Third-
ness), the agent needs to select one of them to be executed. Again, in the 
selection process, we might have three different strategies for action selec-
tion, based on Firstness, Secondness and Thirdness. The simpler selection 
strategy is a non-deterministic selection, a strategy using Firstness. This can 
be a completely random selection, or follow some statistical distribution, 
based on a set of priorities related to action selection. The main characteris-
tic of the non-deterministic selection is that, following the same principle 
used in action proposal, the selection does not use the present state for mak-
ing the choice, but just some fixed a priori set of preferences for doing so. 
The second selection strategy, now a strategy of Secondness, uses the pre-
sent situation as parameter for choosing the action. In this case, the selec-
tion is some function of the present situation, the reason we are calling it the 
deterministic selection, as it is determined by the present situation. Finally, 
a strategy of Thirdness is the one that performs the choice using both the 



 From Signals to Knowledge and from Knowledge to Action: Peircean Semiotics « 131 

present situation and a desired future state the agent is supposed to reach, 
which we are calling a goal-based selection. 

After an action is finally chosen, it can be executed, by applying the cho-
sen action parameters to the actuators. 

 
6.2. Back to signals 

 
1RZ��LW¶V�WLPH�WR�FORVH�WKH�ORRS��At first, sensors capture and measure the 

signals coming from the world, allowing the agent to be aware of partial 
properties of the Dynamical Objects. The signals are transduced to a specific 
material substrate according to the nature of the agent, which maps the 
properties of the world into Qualisigns. According to the doctrine of signs of 
Charles Sanders Peirce, semiosis occurs through the growth of signs, from 
the most elementary of them, the Qualisigns, to the most developed, the 
Arguments. This process is not necessarily an infinite one, but it can also 
end on actions induced by Energetic Interpretants (connected to certain 
types of creativity). After a set of actions is proposed, one of them is select-
ed, based on some algorithm of action selection, and finally, the action can 
be executed, by setting up the actuators with a determined set of signals, 
which might cause a possible change in the environment. This change upon 
the world makes the sensors capture new signals, making the whole process 
of cognition go on and again. 

This loop is in accordance with Noe. To him, perceiving is a way of acting 
and perception is not something that happens to us, or in us, but something 
we do. And he claims that: 

 
³7R� EH� D� SHUFHLYHU� LV� WR�XQGHUVWDQG�� LPSOLFLWO\�� WKH� HIIHFWV� RI�PRYHPHQW�RQ�
sensory stimulation. [...] An object looms larger in the visual field as we 
approach it, and its profile deforms as we move about it. A sound grows lou-
der as we move nearer to its source. Movements of the hand over the surface 
of an object give rise to shifting sensations. As perceivers we are masters of 
this sort of sensorimotor dependence. This mastery shows itself in the 
thoughtless automaticity with which we move our eyes, head and body in tak-
ing what is around us. [...] The central claim of what I call enactive approach 
is that our ability to perceive not only depends on, but is constituted by, our 
possession of this sort of sensorLPRWRU�NQRZOHGJH�´�(Noe, 2004, pp. 1±2) 
 
The sensorimotor approach depends on two complementary instances of 

the whole process. First, it depends on a feedforward instance that will re-
sult in some immediate effect on reality, and, second, it depends on a feed-
back instance that changes the state of the process based on the effect 
caused by the first instance. A similar approach is being addressed by Haw-
kins (2004, 2021) since 2002. He developed a new type of artificial neural 
network, called Dynamic Sparse Network that is not only inspired by biolog-
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ical features but also tries to reproduce the structure of the neocortex, re-
sulting in the HTM technology (Hierarchical Temporal Memory). 

The network model proposed by Hawkins is a structure of various corti-
cal columns disposed side by side. These columns have two layers, the input 
layer, and the output layer. Each column is responsible to receive feedfor-
ward sensory input from a specific sensor, e.g., from each finger of a hand in 
a typical position of grabbing an object (See Figure 12). There is combined 
information on the input layer composed by the sensory input itself and the 
location from which this sensory input is collected, sensed by means of pro-
prioceptive collateral sensors. This combined representation allows the cap-
ture of features at specific locations at the original object being sensed, 
providing collateral information, which is essential during sign interpreta-
tion. Also, the output layer receives feedforward inputs from the input layer, 
converging to stable patterns representing the object that the hand has 
JUDEEHG��VXFK�WKDW�WKH�REMHFW�FDQ�EH�PDSSHG�LQ�WKH�DJHQW¶V�PLQG��7KHUH�DUH�
two ways to reach this convergence in the second layer: 1. By integration 
over time as the sensor moves relative to the object; and 2. By modulatory 
lateral connections between columns that are simultaneously sensing differ-
ent locations on the same object. Finally, feedback from the output layer to 
the input layer allows the input layer to predict what feature will be present 
after the next movement of the sensor (Hawkins et al., 2017). 

Hawkins experiment provides an insightful evidence for what we have al-
ready proposed in figure 7: that the location (position/orientation) from 
which a sensed signal comes from is fundamental for a proper representa-
tion of the world by means of signs. It is only due to this collateral infor-
mation that signs might act as indexes, realizing its full-fledged semiotic 
potential for representing the world. 

 

 
Figure 12: Hand in a grabbing position 
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7. SEMIOTICS OF ARTIFICIAL AGENTS 
 
So far the analysis regarded a generic agent. Now we introduce some 

thoughts about the consequences of a semiotic approach to artificial agents 
based on digital technology such as a computer or a robot. 

Each artificial agent must be programmed in such a way that a proper 
semiotic process can emerge, in order to build knowledge from data, allow-
ing its use by the agent in the pursuit of its goals and purposes. Semiosis 
promotes the growth of signs, first from Qualisigns related to the World of 
Senses, towards Sinsigns and Legisigns related to the World of Things, and 
later to the World of Scenes. By creating a proper representation for the 
World of Existence, and abstracting the laws regulating it (forging a repre-
sentation for the World of Laws), the agent is able to build a representation 
for the current situation, and with that explore alternative scenarios in the 
World of Possibilities such that possible courses of action leading to a de-
sired future state might be planned. These dynamics make the system deal 
with increasingly developed signs, which the most developed of then are the 
Argument Symbolic Legisign, or simply the Argument. 

)ROORZLQJ� 3HLUFH¶V� FDWHJRULHV�� DQ� DUWLILFLDO� DJHQW� LV� SULPDULO\� LQ� FRQWDFW�
with the signs of Firstness, coming from its sensors, which provide hints 
about the actual state of the world, what can both be used to drive the agent 
actions immediately or to evolve more complex signs in memory, to be used 
in the future. What a sensor senses is different from what the sensor is, and, 
for an artificial agent, the signal set corresponding to the measurable prop-
erties of the world can only be transduced in numbers representing these 
properties. So, in the inner world of an artificial agent, all qualities of First-
ness are numbers, and we assumed here that these numbers are in isomor-
phic relation to the entities of the world. Moreover, as the properties change 
in time according to natural laws the set of all measures obtained (numbers 
in relation to other numbers) also reflect an isomorphic relation, this time 
with laws, and laws as a generalization can be understood as concepts. 

In the context of artificial agents, all concepts can be addressed as data 
that is used as a substrate for different kinds of signs, as time passes. The 
process of data flow can be represented by the ultimate techniques of artifi-
cial intelligence, such as neural networks, from conventional approaches of 
Deep Learning to the previous mentioned Dynamic Sparse Networks. No 
matter which kind of representation is picked, it must have the capacity to 
computationally model two kinds of laws: 1. The laws that, given a specific 
representation, can generate replicas of such representation; and 2. Laws 
that, given a possible replica, verify if it belongs to a general type, and, if so, 
to which law it corresponds. 

So, as isomorphic structures induce the idea of iconicity, these numbers 
can be taken as icons of the existents, and, for this, the raw data collected by 
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sensors can be used to create a representational map of the world. But, in 
)LUVWQHVV�� WKH� VHW� RI� GDWD� LV� MXVW� D� ³EDFNJURXQG´� RI� SRVVLELOLWLHV� DQG� VRPH�
Firstness exploratory actions must be performed to find some coherent pat-
tern that reflects an isomorphic structure to the world. This type of strategy 
is used in the field of artificial intelligence, mostly when techniques of neu-
ral networks and deep learning are used. Obviously, all process of construct-
LQJ�VXFK�DUFKLWHFWXUHV�LV�PHGLDWHG�E\�KXPDQ�EHLQJV��DQG�WHUPV�DV�³PDFKLQH�
OHDUQLQJ´��DQG�HYHn artificial intelligence can induce the wrong idea of genu-
ine machine intelligence compared to human intelligence. But the essence of 
Firstness actions allowed by the background of raw data can be addressed to 
the artificial intelligence field, as it deals with possibility, probability, and, in 
some sense, with a non-deterministic approach, which is very useful in ex-
ploratory behavior. After an artificial intelligence model is developed, its use 
no longer implies possibilities, but conventional computation with deter-
ministic relations between inputs and outputs, which points to Secondness, 
the domain of dyadic relations. If some aspects of artificial intelligence can 
be related to Firstness, and conventional computation to Secondness, Which 
aspects of the computational field could be addressed to Thirdness? E.g., is 
it possible to address artificial creativity? Returning to Boden, she claims 
that: 
 

³&RPSXWHU�PRGHOV� RI� FUHDWLYLW\� LQFOXGH� H[DPSOHV� RI� DOO� WKUHH� W\SHV�� As yet, 
those focused on the second (exploratory) type are the most successful. 
7KDW¶V�QRW�WR�VD\�WKDW�H[SORUDWRU\�FUHDWLYLW\�LV�HDV\�WR�UHSURGXFH��2Q�WKH�FRn-
trary, it typically requires considerable domain-expertise and analytic power 
to define the conceptual space in the first place, and to specify procedures 
that enable its potential to be explored. But combinational and transforma-
tional creativity are even more elusive. The reasons for this, in brief, are the 
difficulty of approaching the richness of human associative memory, and the 
difficulty of identifying our values and of expressing them in computational 
form. The former difficulty bedevils attempts to simulate combinational cre-
ativity. The latter difficulty attends efforts directed at any type of creativity, 
but is especially problematic wiWK�UHVSHFW�WR�WKH�WKLUG�´��%RGHQ������� 
 

 
8. CONCLUSION 

 
The difficulties pointed by Boden can be found in all attempts to create 

precise models of the mind that could be reproduced in a computational 
environment, including the ones inspired by biological entities such as the 
human brain. Lindsay (2021, pp. 360±364) points that even the most ex-
pensive models are not perfect replicas of the object of inspiration. Due to 
the great complexity involved, the creators of these models need to choose 
what to include and what must be left outside the model, in other words, 
what the scientists aim to explain and what they can ignore. 
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In order to face this challenge, this article tried to expose some principles 
of the General Theory of Signs developed by Charles Sanders Peirce that can 
address a new vision about how the minds possibly work. Bringing semiotics 
to the cognitive science field could be a very fruitful effort in the task of 
planning and building more efficient artificial agents. To do so, this work 
proposed a diagrammatic representation of signs, of semiosis, and of the 
relations between Qualisigns, Sinsigns, and Legisigns that can help re-
searchers to find the essential informational process involved in the sensing-
actuating loop that leads to the capacities of getting knowledge about the 
objects of the world and of actuating back changing these objects. 

This interaction starts with the sensor devices that capture and measure 
signals from the environment, such that these signals must be encoded into 
signs: first into Qualisigns, and, as the semiotic process goes on, these signs 
grow in the direction of most developed signs, in order, from Qualisigns to 
Sinsigns, and from Sinsigns to Legisigns. Thus, semiosis is responsible for 
increasing the knowledge about the world. Finally, from the knowledge ac-
quired, the agent can act upon the world, changing it and making new signs 
available. When considering an artificial agent, the implementation of the 
whole process can be possibly addressed through Dynamic Sparse Networks 
that conjugate feedforward and feedback treatment of the signals trans-
duced by sensors. 

At this moment, the semiotic approach proposed here represents the pre-
liminary efforts in the direction of planning and building Semiotic Artificial 
Agents. We believe that this is the beginning of a very promising path of 
research. 
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